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Here 7-in. cylinders are turned inside out and reduced to-6 in. diameter. 


"x 17" Steel Cylinders- 


Drawn from Inland Sheets 


Only four operations are necessary to 
form a 4'%-in. diameter by 17 in. deep 
cylinder that is part of a shell container 
used by the U.S. Navy. 

In the first operation an 18-in., 
19-gage, blank, cut from Inland deep 
drawing sheets, is formed into a cylinder 
10 in. in diameter by 6 in. deep. The sec- 
ond operation reduces the diameter to 7 
in. and increases the depth to 87% in. In 
the third operation a 7-in. by 8%-in. cyl- 
inder is placed bottom end up over the 
lower die. The upper die, pressing against 


<INLAN 


. nat New ' 
Milwaukee, Detroit, St. Paul, St. Louis. Kansas > 4 


38 S. Dearborn Street, Chicago Sales Office 





Cylinder s, drawn to 4 
in. deep through a ring dv 
from the press pit to the f 


the bottom of the 7-in. cylinder, forces it 
into the lower die, turning the cylinder 
inside out while reducing the diameter to 
6 in. and increasing the length to 12s in. 
In the final operation a 6-in. cylinder is 
placed over the upper die which forces it 
through a ring die, drawing the cylinder to 
final size, 4}2 in. in diameter by 17 in. acep. 

These cylinder forming operations, lik: 
many other difficult war jobs, are proo! o! 
the uniformity and high quality of Inland 


) 


flat rolled steel products—products that 


are being used 100% for Victory. 
{ (), 
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oLLOWING Harry McQuaip’s advice again 


traveled 50 miles 


# proved most excellent 
jown to the south bank of the St. Lawrence 
rom Montreal to Sorel, through 
king farm lands and American villages with 
tench names, always in view of the noble river, 
ister to the Mississippi and the Columbia. Sore! 
s worth visiting for reasons other than metal- 


prosperous 


urgical, for it is in the region best known to 
itizens of the States for the exploits of Rogers’ 
Rangers, extolled by KENNETH ROBERTS in 
“Northwest Passage”. It is the 
site of a fort built in 1642 to 
defend Montreal from Indians 
Iroquois 


A Canadian 
gun plant paddling down the 
(now the Richelieu) 

This early fort stood 
1665, 
vhen Capt. PrerrE pE SAuREL was sent by the 
ng of France to construct a new fort and town. 


River 
rom Lake Champlain. 
t five years, but then vanished until 


Stull standing is the 200-year-old residence of the 
~vernor-General....Sorel has since become an 
important port for grain, and now is over- 
rowded by workmen for a large shipyard as 
ell as gun makers in Sorel Industries Ltd., the 
latter possibly unique in America as a plant 
uilding field artillery complete (except for a 
*W minor components and rubber tires). Orig- 
nally financed and built by the local family of 
iMaRD, who enlisted the technical aid of the 
ereat French armament firm of Schneider- 
Lreusot, th plant was about ready to melt steel 
When the Maginot Line was turned and the 

















: rench technical staff was forced to return home, 
PY terms the Franco-German armistice. At 
his juncture, the Canadian Government brought 
he Sima and the Chrysler Corp. together, 
ttivities e resumed with added impetus, and 
a July 41, the first 25-pounder gun rolled 
MT the mbly line toward the battlefield. 









United States Steel Corp. for 
the loan of the excellent engrav- the cover design last month. 
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ings of a huge forging, used on 


CRITICAL POINTS 


By THE EDITOR 


R' MOR HAS IT that gun steel was made, at the 
start, by following a definite time-table: 4 hr. 
40 min. add 1 shovel lime-coke mix; 5 hr. 05 min. 
sample slag, quench and smell acetylene — “Exag- 
gerated,” says Rocn Gonter, chief metallurgist, 
but nevertheless necessary when starting with all 
new hands. One advantage, at least, is that experi- 
ence gained on tonnage steels did not have to be 
unlearned; success is measured by such facts as 
that on one order for large caliber gun barrels, 35 
out of 35 successfully passed acceptance tests, none 

being rejected in any stage of 

manufacture. ...Steel is made 
How to make in 20-ton electric furnaces, 
electric steel charge being own scrap, turn- 
ings, ship plate trimmings, 
railroad rails, heavy scrap and electrode butts to 
handle 5% ore. A 45-min. carbon boil is insisted 
on, carbon being blocked at 0.25 to 0.30% (the 


usual content for most ordnance forgings). A sec- 


c 


ond slag is then made up for final refining and 
deoxidation; it is skimmed before silicon and alloys 
are added. Hot tops for ingot molds are carefully 
dried, moisture in refractories being the most com- 
mon reason for “flakes”. A layer of dry brick also 
covers the stool, thus delaying solidification of the 
bottom of the ingot and reducing the usual porosity 
near that region. Hot ingots are held at dull red in 
real “soaking pits” 

until a forge is ready for them. . 
round for gun tube or jacket, or slab for breech 
block or recuperator, is done in one heat in a 2000- 
ton hydraulic press, unusually fast in its travel. 
Hot forgings are immediately buried in ashes and 
left there until stone cold, taking up to five weeks 
(Furnaces are available 
fairly rapid 


tremendous rectangular ones 
.. Reduction to 


for the largest ones. 
wherein the cooling can be controlled 
for most of the way, very slow for the lower ranges 
where hydrogen evolution becomes dangerous 

but pit cooling in ashes is the regular practice.) 















pera MACHINING and boring of these slowly 
cooled forgings is much more rapid than nor- 
malized forgings, for normalizing also promotes 
that inevitable banded microstructure which ord- 
nance engineers do not like. Carbide tools have 
no difficulty with metal of 285 Brinell hardness. 
After machining, tubes are heated in vertical 
electric furnaces, double quenched in oil from 
1650 and 1600° F., then given a rather high draw, 
and are ready for semi-finish machining. First, 
however, thick disks are removed from each end 
for deep etching and physical testing; most 
attention is given to elonga- 
tion in the transverse tensile 
specimen, and Izod impact 
(Preparation of speci- 
mens occupies a machine 


Gun tube 
manufacture 


tests. 
shop which almost overshadows all the labora- 
tories, physical, chemical and metallurgical.) For 
a typical gun tube analysis (0.30% C, 2.25% Ni, 
0.9% Cr, 0.4% Mo, 0.07% V) elongation after heat 
treatment would be 22% in 2 in. and Izod impact 
65 ft-lb., well above the specified values. Hardness 
is now 250, slightly lower than the tube as forged. 
....Barrels, being machined to what are known 
as aulofrettage dimensions, are subject to that 
operation. Ends are plugged and oil pumped in 
until the internal pressure is some 25% greater 
than during firing in fact, above the steel’s 
yield point, so the tube expands a measured 
amount. On relief of pressure the inner layers 
of metal at the bore are squeezed into compres- 
sion, and so their resistance to tensile bursting 
forces is correspondingly increased. A low tem- 
perature anneal (750° F.) completes the opera- 
tion, except that the whole cycle is repeated on 
naval gun forgings, including the second stress 
relieving. (Army gun forgings get pressure the 
second time but do not get the second stress 
relieving.) At the end the metal’s yield point has 
increased 10,000 Ib. to 130,000 psi., the tube has 
resisted a real “proof” test, and is enabled to 
endure the high pressures of modern propellent 
powder for a great many rounds; otherwise, the 
first half-dozen would ruin the breech dimensions. 


Hus it would appear that the Sorel practice 

has about everything that is calculated to 
make sound forgings of large size: Furnace prac- 
tice promoting clean, homogeneous steel; ingots 
tapered so forge reduction at breech and muzzle 
end is about the same; excessively slow cooling 
to release hydrogen; enough alloying elements 
for deep hardenability; violent oil quenching to 
give uniform martensite throughout the section 
without dangerous soft networks; and a high 
draw to get desired toughness (22% elongation, 








50% reduction of area). Small wonder » Ras 
harassed steel makers from south of the bos 
make pilgrimages to Sorel to find 


ut how # 
Canadians do it! 


fogs to the U. S. Army arsenal in Watering 

machine shop making artille 
employing more men in thousands than yw Ws 
there in hundreds during peacetime, and {ogy 
Col. HERMANN ZorNIG’s research staff housed j 


one vast 




















r gl 
an elegant new building amply equipped {or ; st 
sorts of studies on metal — especially in its py ded 

tic range. Some sectig sts 2 
Shot and armor W¢re studying matters 
work in the current interest: \-ra - 
: standards for steel cag 
plastic Famge ings; the welding of arp eat 
and ordnance steels f gu 
erosion of gun barrels; the action of armor | 
ing shot. The last mentioned characterizes i thal 
specialized metallurgical studies at Wateriow 1m 
As Colonel ZorniG pointed out, industry is prolich a 
erly interested in the ability of metal to work @jMolent 
loads well below the elastic range, wherfinding 
important ordnance parts are expected to perl irbon 
once —or at most a relatively few times—@jj™ mar 
loads beyond the elastic, and sometimes near (ggpetter 
ultimate limit. r imp 
uencl 
cane to ballistic studies is also the e! rite, 
of speed of loading. For example, it is! ess a 
that proportional limit and ultimate strengjjphen | 
increase when tensile test pieces are pull he te 
increasing rates, whereas the elongation ibrou 
reduction of area decrease. Where does it s e ten 
Will we eventually reach speeds of loading whegjplline 
good metal fails without exhibiting any pe 
movement, as ordinarily defined? Unfortunse(™jfy ont 
one cannot answer the question! dr 
Testing direct experiment for w hen - " finish 
of extension goes much beyon¢! ould 
metal at nf ain Ale ed of Joadiagiiiupren 
per in. per sec. (a spee 
bullet on the same order as in the breeqdvent 
speeds of a gun), so much of the app" nishe 
ized t 


load is required to overcome ine 
of the specimen that no one knows how much 
the remainder is used up in breaking the ™° 
Consequently, the answer to any question . 
the performance of this, that or the other ®° 
in a projectile’s nose at the instant of impac'” 
be found by indirection -— in this way: I 


smi 


wa leanir 


discovered that lowering the tem) ature a ir th 
test piece affected the tensile pr perties in * pes W 
same way as increasing the speed o! loading al aCe St 
an empirical equation has been found 7. onven 
fitting the experimental facts. ~ by — =e 


n trogen al 


piece while immersed in liquid 
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of speed for accurate results, the 
ect equals the probable action at 
iture of loading speeds approximat- 





re mbined 


Om tem] 


that ¢ ing when shot strikes armor. 
-ysion TESTS at high speeds shed considerable 
ler light on the notched-bar impact test, studied 


Wen Watertown Arsenal for many years, because 
ing »» rate of loading at the bottom of the notch is 
- greater than anything possible in a tension 
|. When this factor of speed is properly pro- 
‘ded for, the relation between Charpy impact 
sts and the area under a stress-strain curve in 
tension (pointed out by H. C. 
MANN in Metal Progress for 
March 1935) becomes much 
closer. The impelling reason 
why ordnance engineers are 
so interested in this problem 
that erosion in a gun barrel first shows itself 
, multitude of tiny cracks in the rifling grooves, 
wh a notch in a metal part that has to resist 
jolent impact from exploding gas... .: Another 
nding of the high speed tests is that any medium 
irbon steel which has been completely quenched 
»martensite and then tempered performs much 
tter when loaded at high speed (either tension 
than when the identical steel is “slack 
venched” to a structure of primary troostite and 
rrite, and then drawn back to the same hard- 
ess and identical tensile properties (that is, 
(Phen tested at slow speed in the ordinary way). 
he tempered martensite produces a velvety 
Wm brous” fracture, desired by armorers, whereas 
¢lempered troostite breaks with a “fiery” crys- 
vi@imline fracture after “impact” loadings. 


“Erosion and 
eat treating 
f gun tubes 


r impact 


Yong, long ago gone, are the days when the 
draftsman marked f on a drawing to mean 
n@Finish”, trustful that the intelligent machinist 
ould know what to do about it. Gone with the 
upremacy of the engine lathe, vanished with the 
lvent of grinders, broaches, laps and super- 
hishes. Ten years ago General Electric recog- 
zed the need for more definite instructions, and 
divided the range from 
smooth lap to rough flame- 
cut into ten steps, and then 
made comparison blocks so 
that {> would have specific 
ill concerned. Since before the 1914 
wthe U.S Army Ordnance had marked draw- 
‘ss with tive symbols, each representing a sur- 
for a definite application, and this 

















OW smooth 
smooth? 


leaning | 


ace suital 


onventio: en 
enti rved very well as long as the work 
a$ ‘ > ene 
twas he arsenals, by workmen familiar 
ith the e . 
1e | ction standards. However, in recent 


months, when suppliers, main contractors, sub- 
contractors, and inspectors multiplied by the 
thousands, how could a common understanding 
be achieved? — especially since “f”, the Ordnance 
symbol for “machine finish of good quality, appli- 
cable to surfaces fitting together but not moving 
on each other” might mean one thing to Joe 
Doaks, inspector at a parts manufacturer, and 
another thing to Elmer Zilch in the assembly line 
several hundred miles away. In fact f did mean 
different things to veteran gun inspectors, the 
smaller guns requiring a smoother f. 


© BRING some order out of this confusion, 

the Ordnance Department ordered its service 
divisions to devise a method whereby inspectors 
could recognize acceptable surface finishes. It 
was readily agreed that this involved more than 
“smoothness” as determined by a laboratory sur- 
face analyzer. Also that acceptable finishes could 
be satisfactorily shown on reference standards 
calibrated by such an instrument. 
First, about 100 samples repre- 


Ordnance , a4 

senting each Arsenal’s interpreta- 
standard tion of f, ff and fg were measured 
finishes optically and with a profilometer, 


and the results averaged for a 
numerical equivalent of the average depth of the 
tiny surface depressions (or rather their “root 
mean square”). This gave quantitative values 
for the most-used finishes, and they were modi- 
fied and the scale extrapolated both ways con- 
forming to the American Standard Association's 
system of preferred numbers—-in geometric 
ratio from 8 millionths of an inch for lapped 
surfaces to 250 millionths for least critical mating 
surfaces. Next step was to prepare master speci- 
mens flat plates about 2 by 2% in. and 
duplicates of each of these roughness standards, 
portions of them prepared in various ways as by 
milling, grinding, planing and broaching. This 
painstaking work was done under supervision of 
Mary Norton, associate metallurgist at Water- 
town Arsenal. Provided with sets of these blocks, 
the next job was for the general committee to 
draw up a schedule defining /, ff, fg and lap for 
ordnance matériel, class by class. For example, 
ff on any drawing applying to fire control appa- 
ratus means a surface roughness equivalent to 
that of the standard reference block marked 125, 
and on any drawing applying to small caliber 
ammunition it means a finish equivalent to that 
of the block marked 63, and with these defini- 
tions any skilled inspector can check any other 
by visually comparing the work with the stand- 
ard block and by drawing his educated fingernail 
across the tool marks. 
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Compare the method of making 
rough forgings for 75-mm. and 
40-mm. gun tubes shown in the 
following photographs with the 
conventional method exempli- 
fied at Sorel in Canada and 


described on page 411. For this 


Co. and its Steel and Tube Divi- 
sion has been able to utilize its 
existing steel mill, long prac- 
ticed in the art of making seam- 
less and alloy tubes not only for 
its own production but for sale 
to the 
chemical industries. 


petroleum and 
With com- 


power, 


paratively 


equipment, 


little 


princi, 


ters and heat treat 


this single product 


been 


turning 


out 


6000 roughly forged 


tubes every month, 


ready for finish 


; 
i 


ld 


iiiy 


i hir 


purpose Timken Roller Bearing 
And they're good, passing 
test imposed by U.S. Army 6; 
nance. No need to belab 
fact that this 


need for building doze: 


eliminated 


powerful new forging ham 
and presses, and acres of 

boring lathes, and saved tin 
Lieut-( 


priceless time. 


Somervell thus characteriz 
the achievement in an addre: 
vd 


a few weeks, one single A 


given over a year ago 


tines 
barre 


Photo by Aetna-Standard Engineering & 


Alloy steel of correct anal- 
ysis, made to War Depart- 
ment specifications, is rolled 
into round billets of perfect 
and in- 


soundness (surface 


terior). Passing through this 
heating furnace, they start on 
their way to become the shoot- 
ing end of 75-mm. guns, the 


basic artillery of our field army. 


hours of 
1e the hole 
_ and final 
to broaching. 
reated and 


? The hot billet is entering the piercing re! 
machine time are saved in this method of ge' 


down the axis. Piercing the hot billet takes 15 


finishing can be done by methods similar 


Former practice of drilling a solid forging, hea 


tough, required as much as 6 hr. for this one op on. 
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SEAMLESS TUBE MILL PIERCES 


BILLETS FOR 75-MM. GUN TUBES 


Released by 


Timken Roller Bearing Co. 


Captions by 


Th e Editor 














factory using this new 
process will be turning out each 
nonth more heavy gun barrels 
than all the factories of Eng- 


Operations subsequent to piercing are much like 
3 the standard practices on seamless tubes des- 
tined perhaps for oil refineries, except that the gun 
barrel has much thicker walls proportional to its in- 


land turned out in the whole 
war!” Now the story can be 
told in pictures hd a Not least of 


the obvious economies is the 


side diameter. 
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saving of material. The pierced 
steel tube is not only closer to 
finished dimensions than a 


hammer-forging, but the metal 


In rapid succession the “plug mill” 
smooths the center and thins the wall slightly, and 
the “reeler” accurately rounds and straightens the 


tube, ready for the slow cooling in pits. 








. as 














Photo by Aectna-Standard Engineering Co 














Pierced tubes, after meticu- 

lous inspection, are heated at 
the end by high frequency cur- 
rent. A cold tube is placed in 
vee-blocks, induction coils in the 
rectangular housing are run for- 
ward, and the proper region 
rapidly heated — either a narrow 
band for throwing up a lug for 
muzzle rollers, or the complete 
breech end for general thickening 


by upsetting. 


This view is looking down into one of 
the world’s largest forging machines; 
dies are open and an upset tube 
remains in the second position. The 
cold shank of the tube was firmly 
gripped sidewise, a piercing tool en- 
tered the central hole, expanding it 
slightly at the same time a round die 
pressed against the hot end, short- 

ening and upsetting it. 5 


that would be cut out of the bop, 
returned to the mill as shaving 
retained in the tube, being in tray 
of the gun’s wall. Metalluraists 
alive to the difficulties of casting, hy 
and piercing hot alloy steel, will 
gratulate their professional brethre, 
Timken for their ability to prody 
thick-walled tube whose interior p, 
is free of segregate and has th super| 
qualities demanded of a rifled gun 





- 
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Typical of American engineering are the enormous 
eat treating furnaces built to handle the pro- 
duction of upset tubes — one every seven minutes. 
\ stirrup is butt welded to one end, the tube hung 
on a stout carrier, and off it goes in slow procession 
through high heat furnace for quenching, and low 
heat furnace for tempering. Strength and toughness 


: must be adequate for service, yet hardness low 


enough for reasonable machinability. 





This 75-mm. gun tube fires its first 
] shot but a harmless one and out 
the breech end! As the hot tube was 
lowered into the water quench, the 
water-steam mixture built up high 





enough pressure in the muzzle to blow 
a cloudburst out the top. 
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‘ After heat trea nent t 
tubes are tun ed | 
pickling tank of a 


move scale, then wa “d clear 


A disk is cut from each 
tube for macro-etch, to 
determine soundness, 
freedom from segregation, 
hardness and other char- 

acteristics as desired. 

Tubes are numbered 
serially and record kept 
of heat number, ingot 
number, position in ingot, 


Last operation is sawing butts off and all chemical and 


each end, bringing tube to correct metallurgical tests, s 


length. Then the Army makes final See that performance in the 


check-up. One requirement is for machine shop or in serviee 


accurate concentricity of inside and can be correlated with 
outside circles, and here the inspectors manufacturing practice. 
are gaging for alignment and out- 


of-round while the tube is rolled 10 


over and over in cradles. 


Metal Progress; Page 418 





Tubes al shipped to government arsenals and 


in plants by the carload. Being close to maxi- 
sum outside diameter and accurately pierced, 


these tubes are ideal for the gun shops. Not 
nly is machining expedited, but the volume of 
ieht scrap returning as chips and turnings is 


much reduced. The surplus steel is kept near 


| the melting shop, where it quickly joins 


other scrap and makes more gun barrels. 





Finally. the manager of 1? 
Timken’s News Bureau fur- 
nishes the inevitable human in- 
terest picture (“cheese cake” to 
photographers) designed to show 
principally the finished articles 

10 and 75-mm. gun tubes — but 
also something of what we are 
fighting for and how production 


fits into the picture. 


Buy More War Bonds 
and Back the Attack 


o 
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D. L. Colwell and W. C. Lang 
showed the June 1943 meeting 
of the American Society for 
Testing Materials two standard 
tin cans, one as of 1939, made 


and ends, 


cans. 


of 1.50-lb. hot-dip tin plate sides 
side 
with lead-tin solder, requiring 
in all 4.07 Ib. of tin per 1000 
The other can was made 


of 0.50-lb. electroly! 
sides and bonderized 
soldered 


fin plate 
eel ends 
side ith lead. 
silver ing in all 
only 0.80 Ib. tin per 1000 cans 


seam soldered 
seam 


solder, requir 


SAFE SUBSTITUTE SOLDER 


FOR FOOD CANS 


By WAR METALLURGY COMMITTEE 


Sub-Group: H. W. Gillett, E. 


N 1937, out of 90,000 long tons of tin used in 

the United States, 20,000 tons (12,000 new tin, 
8,000 secondary) went into solder. Tin plate 
took 39,000 tons while babbitt and bronze each 
took about 6,500, and collapsible tubes about 
3,500. Solder ran second to tin plate, and 
required more than the next three major uses 
together. In the years 1935 to 1938, solder took 
22 to 25% of the tin. 

The major uses for solder were in dip-solder- 
ing automobile radiators and in soldering cans. 
Food cans, as a whole, required about 10% as 
much tin for the solder (usual analysis: 60% 
lead, 40% tin) as for the hot-dipped tin plate 
then used. The proportion of solder on cans for 
evaporated milk is still greater; the 1942 tin 
requirements for evaporated milk cans were 
around 5,500 long tons of tin in the tin plate and 
1900 tons in the solder. The ordinary can for 
food, the “sanitary can”, has solder only in the 
side seam; the ends are pressed on over a rubber- 
like sealing gasket. The “floated-end” can for 
evaporated milk, on the contrary, has both ends 
soldered on, and is filled through a hole in the 
top which is then sealed with a drop of solder. 
Cans are made on automatic machinery, soldering 
the seams at the rate of 300 to 400 cans a minute. 

Long before Pearl Harbor, the Office of Pro- 
duction Management and the Advisory Committee 
on Metals and Minerals of the National Academy 


J. Cameron, 


Robert F 


Griggs 


of Sciences (now the War Metallurgy Committee 

had considered the conservation of tin in solder, 
and the users of tin had made preliminary studies 
in respect to solder in the event of a tin shortag 
The can makers were in the forefront in such 
work, and had satisfied themselves that a 2. 

silver solder could be used on automatic lines 

A solder of this type, usually containing 
about 44% copper as well as 242% silver, had 
long been used by the Westinghouse Electric 4 
Mfg. Co. where a stronger solder at high tempera- 
tures was required; this solder required a highe! 
temperature and often a more active flux. 

In those applications where only the adapta- 
tion of shop technique and the demonstration 0! 
mechanical strength were involved, there were 0 
major barriers to the adoption of any substitute 
solder satisfactory on these scores.* Sotier fo! 
food cans, as the can makers early pointed oul, 
must certainly introduce no health hazards. Two 
types of information on this score were needed 
(a) Does the solder dissolve in the food so as “ 


*Editor’s Note: Emergency alternate provisio® 
(designated as EA-B 32a) in the A.S.T.M. Tentativ: 
Specifications for Soft Solder Metal sugges! six "™ 
lead combinations containing less tin tha 
well as seven other low-tin analyses con! 
muth or silver. Early in 1943 the W.P 
General Preference Order M-43 limiting th 
tent of general purpose solders to 21% a! 
ing the quantities of all tin solders that m 


su as 
ing bis 

issued 
in con 
restrict- 
he used. 
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ard of lead poisoning? (6) Do tiny 
f solder accidentally spattered into the 
: soldering have poisonous effeets when 


create 
lroplet 
ean dul 


ewallowed? (Spatter is of rare occurrence, but 


the poss bilitv has to be considered.) 


imple evidence of the lack of toxicity 


‘through solution of lead from ordinary lead-tin 
colder is. of course, at hand through many years’ 
experience, and feeding experiments on rats and 
jogs carried out by G. R. Cowgill of the Yale 
University School of Medicine had shown that 
.cidental spatter of ordinary solder was not a 
health hazard. Consequently the War Production 
Board instructed the War Metallurgy Committee 
to arrange for cooperative examination of both 
these questions of toxicity. Particular emphasis 
was put on evaporated milk because of the lavish 
use of solder in that case, and because of the 
mportance of milk in infant feeding. 

Of course, the most effective way to save tin, 
both in tin plate and in solder, is not to use any 
as when foods are preserved by dehydration 
r by packing in glass, or in untinned “black 
plate” cans with welded side seams. A saving 
ould be made by packing evaporated milk in 
‘sanitary’ cans. However, the existing can mak- 
ing and packing lines had to be used while the 
ther facilities were being expanded. Further- 
more, some foods require packing in a tinned, 
rather than a black plate can, and the simplest 
way to save tin in food cans is to use electrolytic 
rather than hot-dipped tin plate for the can 
bodies and ends, and to use a substitute solder 
Continued need for a sub- 
stitute solder was therefore apparent. 

After Pearl Harbor, when the tin shortage 
became a reality, many substitute solders were 
suggested other than the lead-silver combination. 
Much effort was put upon development of solders 
of low melting point, in the hope that shop tech- 
nique would not have to be altered. By use of 
cadmium or bismuth, such low melting solders 
can be made with the tin content much below 
Cadmium solders were 
barred for food use, not only because cadmium 
is toxic and it would take a great deal of work to 
demonstrate what, if any, amount of cadmium in 
‘ood could be tolerated, but even more because 
the supply of cadmium would be inadequate. 
rhe bismuth solders were experimented with, but 
unless the seams were held under pressure while 
the solder froze, the joint would split, presumably 
due to the excessively long freezing range. 


on the side seams. 


that of ordinary solder. 


® 


itor’s Note: The word “ample” might be 
pew. d as of 1943; in fact this entire sentence 
voul ibtless be rejected by those who look upon 


S$! ; . 
Iver ‘ primary monetary metal, 


Hence, the only substitute solder demanding 
attention was the lead-silver solder. There is 
ample silver for industrial use.* 

The Chief of the Food Division of the Federal 
Food and Drug Administration commented that 
silver could be ignored completely in regard to 
toxicity, so the problem resolved itself into that 
of lead alone. The Council on Foods of the Amer- 
ican Medical Society has given 2 parts per million 
as the maximum tolerance for lead in foods, 
although larger amounts are found in some 
natural foods. The Federal Security Agency gives 
0.05 gram per pound (7.14 parts per million) as 
the lead tolerance in fruits. Crabs are reported 
as containing 17 parts per million, egg yolk 2 to 
10, egg white 1.2 to 4.8, and human milk 0.18. 


Experiments on Canned Foods 


In the evaluation of permissible dissolved 
lead in canned foods, 2 parts per million can be 
taken as an upper limit for ordinary fruits, meats 
A great many different foods are 
certain 


or vegetables. 
to select 


this 


was 
representatives for study. For 
evaporated milk, orange juice, finely chopped 
green beans, and corned beef hamburger were 
chosen by the National Canners Association for 


canned, so it necessary 


purpose, 


storage at 98° F. These foods were processed at 
the usual temperatures and for the usual times, 
and stored in glass jars freed from lead, each jar 
containing a disk punched out of commercial tin 
plate with the edges coated with the solder to be 
tested. The disk was bent 180° so as to fracture 
the plating and expose some of the iron base. 
After storage, the contents were analyzed for lead 
and calculated back to the pick-up of lead by the 
contents of a No. 2 can in contact with the solder 
area at the side seam of a sanitary can (or the 
total solder area of a 14%-o0z. floated-end can of 
evaporated milk). 

The substitute solders used were 97 42% 
214% silver; 95% lead, 242% tin, 242% 
and 93% lead, 2% silver, 5% tin. The commercial 


lead, 
silver; 
solder bath starts at about 9742% lead, 24% 
silver, and in use picks up tin from the plate; it 
tin and not allowed 
will 


is maintained at about 3% 
to rise above 5 or 6% tin for “hot breaks’ 
then occur. The 95-24-24 analysis represents 
the average commercial composition. 

Nine months’ storage at 98° F. 
of test is considered equivalent to a couple of 
years ordinary storage. Data were obtained for 
each of the solders at three-month intervals. It 
turns out that in none of the foods studied is 
there a progressive pick-up; analyses made imme- 
diately after canning (Continued on page 454) 


the period 
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BIOGRAPHICAL NOTES OF AMERICAN SCIENTISTs 


Henrv Rawdon 


CHIEF METALLURGIST, BUREAU OF STANDARDS 








EW tallurgists, if any, have entered their 
F calling by such a devious and unlikely route 
Rawdon, who began as an immigrant 

ind later was six years a village school 


s Henry 
farm boy 
‘eacher before any thought of his present profes- 
sion entered his head. Today he is Chief of the 
Nivision of Metallurgy of the National Bureau of 
Standards, and one of the most outstanding and 
espected members of a profession that is teem- 


with outstanding and respected members. 

To a detached observer, there is a remark- 
ible similarity between a metallurgists’ meeting 
nd a convocation of Presbyterian elders. In each 
ise earnest gentlemen foregather to establish the 
truth and ferret out error. When schisms arise, 
the Presbyterians turn to an official called a 
Moderator — usually a man of solid learning and 
udgment When 
two groups of metallurgists have argued them- 
selves to the point where they have nothing to 
se but their equilibrium diagrams, they turn to 
Henry Rawdon, and it is only an extremely self- 
mfident metallurgist who cares to gainsay his 


and abide by his decisions. 


nal judgment. 

Rawdon’s most noticeable characteristic is 
his quietness. He has a quiet voice, which he 
ses only in emergencies, and a quiet humor. 
He goes about his work with no fanfare what- 
ver. He does not push himself into the councils 
{ the great, and, indeed, has no need to, since 
they sooner or later come to him. Few of his 
rofessional associates even those who have 
have ever penetrated 
very far behind what he himself describes as his 


nown him for years 
‘lightly taciturn reserve”. In a profession where 
conservatism is almost an occupational disease, 
he is an outstanding conservative. If he has an 
bsession it is punctuality, and all the young men 
nder him at the Bureau who are ambitious make 
‘ point of getting there on time. 

\n outsider might suppose from the fore- 
going that Rawdon was merely a very competent 
wtomaton with no human qualities to speak of, 
ind might be misled by the fact that he keeps 
4 fairly tight rein on his personal reactions and 
‘res not to inject them into his professional 
‘le. Despite his best efforts at monastic with- 
“rawal, however, and for reasons as recondite 
‘S metallurgy itself, Rawdon enjoys a degree of 
personal respect and affection that is rarely 
*qualled. When pinned down to a reason for this 
ls confréres are sometimes surprised 
’ concerned — at not being immediately 
able t ut a finger on the characteristic that 
re. He has none of the tricks or man- 


leeling 


Dut ne 


they 


nerisms that are commonly associated with 
“personality”, and it has apparently never 
occurred to him to produce that front of synthetic 
“good fellowship” that so many men feel is nec- 
essary for social or business success. His suc- 
cess, both as a person and as a scientist, is, in 
short, a triumph of character. 


Henry Rawpon was born in the early 1880's 
in Derby, England, and is descended from a long 
line of English farmers. His maternal grand- 
father, whose name was Buxton, was a portrait 
painter of considerable Henry's family 
came to America when he was four, and joined 
relatives in Michigan. There he grew up and 
went to school; he considers himself being practi- 
His childhood and adolescence 


note. 


cally native born. 
were spent in a small village and on a farm, and 
his education was fostered in the ungraded 
“district schools”. 

By assiduous home-study he passed the 
examination for country teacher at seventeen, 
the minimum age, but such jobs were rich plums 
and difficult to obtain for such a youngster, so 
he enrolled at the Michigan State Normal College 
at Ypsilanti. He paid his way through four years 
at Normal School by various part-time jobs, 
including farm work during the summer vaca- 
tions, and emerged in 1903 with a life certificate 
in teaching. He had specialized in chemistry and 
biology. There followed six years of teaching in 
the high school at Marlette, Michigan; three as 
a science teacher and three as superintendent. 
He then decided to do further work in chemistry 
and make it his career. His decision to abandon 
teaching was bolstered by the fact that, as he 
puts it, “At that time educational work as a 
career was lacking in the security of position 
that it enjoys today.” In 1909, then, he entered 
the College of Engineering of the University of 
Michigan. 

At Michigan, metallurgy was just being 
introduced as a part of chemical engineering, 
and he thus became aware of the complexities 
of iron and steel, a subject which has engrossed 
him ever since. His interest in these metals was 
stimulated by his close association with Profes- 
sor Edward DeMille Campbell, the blind metal- 
lurgist the @ delights to honor, whose personal 
assistant he was during his senior year. As 
further evidence of his scholarship, Rawdon was 
elected to the honorary chemical, engineering, 
and scientific societies. He had just begun some 
graduate work in 1912, when the chance came to 
enter the pioneering field of metallography in the 
newly formed Division of Metallurgy at the 
Bureau of Standards. It was too good an oppor- 
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tunity to turn down, and so, in 1912, he moved 
to the Bureau and has remained there ever since 
in various positions of increasing responsibility. 
He became chief of the Division of Metallurgy 
in 1929. 

Henry Rawdon’s interest in the structure of 
metals came about, he says, as a natural conse- 
quence of his earlier training with the biological 
microscope. He has been particularly concerned 
with showing how the crystalline structure 
relates to and determines the useful properties 
of metals. Among other things, he has also inves- 
tigated the corrosion of metals and the measures 
necessary to prevent or alleviate it.’ In this field 
he published one of the pioneering books, called 
“Protective Metallic Coatings”. 

He is a member of many years standing in 
the American Society for Metals, The American 
Institute of Mining and Metallurgical Engineers, 
and the American Society for Testing Materials, 
and has served on many of their committees. At 
the Bureau of Standards he is involved in a mul- 
titude of activities connected with the war effort, 
being a member of numerous committees and 
boards, advisory to the War and Navy Depart- 
ments, the War Production Board, the National 
Research Council, and so on 

Henry Rawdon is a family man in the good, 
old-fashioned sense. That is, when he is through 
work he goes home for his relaxation and social 
life, rather than to a golf course or a movie. 
Home is in the country, 15 miles outside of 
Washington, originally an open field, but trans- 


MECHANICAL 


PROPERTIES 


formed by Rawdonesque hard work ji; 
ful little estate. He doesn’t care for sports ap) 
gets all of his exercise working on his plac 
digging in his garden. Right across the roag 
a golf club, and for years he has watched 
members expensively taking their e) 


ia beaut . 


ercise, | 
he has never crossed the road to join them. Fy) 
morning he works in his garden or does so) 
little job about the place before breakfast. 
in the winter he walks through the woods wiv 
Apparently this is what the doe 
ordered, for in more than 30 years at the Bur 
of Standards he has been on sick leave three week: 
Even after all Washingt 

Rawdon still considers himself a Michigand 


his dog. 


these years in 
and has always maintained his voting resid 
there. Rather inconsistently he married in 19) 
a girl from Maryland instead of one from Michi. 
gan, Emily White Saunders, but she has m 
up for her ill-advised selection of a birthplace | 
sharing his love of the country, and by crea! 
They h 
two children, a son Richard Henry who is in t! 
Army Air Corps, and a daughter Emily who | 
does chemical war work. 


the home that means so much to him. 


There is good evidence that Mrs. Rawdor 
like wives everywhere is his severest critic 
well as his best friend. An acquaintance recen! 
chided Rawdon for being too unassuming. H 
admitted that he probably was, and added, in his 
thoughtful way, “Too unassuming for my ov 
good, I guess — at least, so I’ve often been told 

Epwarp C. McDowe tt, Jr 


OF METAL FOILS’ 


Bruce Chalmers and P. W. Seddon 


By 


HE only mechanical proper- 

ties of foils that appear to 
have any practical significance 
are those which determine the 
behavior of the material under 
tension and flexure. To investi- 
gate these properties, however, 
new techniques and apparatus 
had to be developed. 

Tensile Testing Instrument: 
For tensile testing the speci- 
men is strained at a constant 
rate, the load being measured by 


an electromagnetic dynamome- 
ter mounted in series with the 
specimen on a framework so it 
can be moved vertically at 
constant speed and transmit a 
corresponding strain to the 
specimen. The dynamometer 
consists of a steel diaphragm 
whose distance from a U-shaped 
core (of the 4% silicon steel of 


*Abstracted from Journal of 
the British Institute of Metals, Vol. 
68, 1942, p. 283. 
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high magnetic permeabilit 
. : 2. 
known as Stalloy) is altered | 


under the impose 
change in the 
is measure 


rhe spect 


its flexure 
load, and the 
electrical balance 
by a galvanometer. 
men is shaped lik« the 
section of an I-beam, with par 
ticularly wide flanges. and thes 
“flanged” ends are held by jaws 
supported on knife 
steel balls so that th 
(Continued on Pp 


cross 


dges and 


$56 





sath pho was connected 
WJ during the days 
vad to be taken to 
strategic alloying 


elements, speaks with authority 
concerning the 
that situation. Long experience 
as a toolsteel maker and tool 


necessities of 


user also gives him a good view 
of what can be done in the shops 
to get the most out of the tools 
and toolsteels that are available. 


THE ROLE OF TOOLSTEEL 


IN THE WAR EFFORT 


By SAM C. 


Engineer, The Am 


T \OLSTEEL in early times was simply a car- 
bon steel with carbon in the higher brackets 
dno other alloying constituents except nominal 

reentages of silicon and manganese. It was 

illy made in crucibles and graded for various 

ses by ranges of carbon, more commonly known 
as “tempers”. That, of course, was prior to the 
rn of the century, as in more recent times, the 
m toolsteel means high speed steels and all 
ds of complex, highly alloyed steels for hot 
i cold working operations, as well as the plain 
In fact, during the past 25 years, 
vould seem that metallurgists, in order to keep 


carbon steels. 


‘ine with our general speed-up in production 
| the automatic machine age, had vied with 
e another to add more alloy and alloy in greater 
ely to the common toolsteels, as though the 

was to produce a special alloyed steel for 
The impact of the war 
Europe, although it was not immediately recog- 


h individual purpose. 


ed, threw this viewpoint out of gear by grad- 
y developing shortages of the alloys we were 

Y so accustomed to in our toolsteels. 
\s the war went on into its second and third 
', bringing with it also our entry into the war, 
e limite ivailability of many of the steel mak- 
yvecame more and more apparent. As 
other than the plain carbon are 
n alloys for their special properties, 
gan to feel the pinch. In common 
ther commodities, all steels had to 
ind a course charted for the future, 


erican 


SPALDING 


Brass Co., Waterbury, Conn. 


al 


the aim being to cover the needs of the tool-using 
industries with the least expenditure of alloys. 
As we considered the efficiency of our alloy addi- 
tions it was evident’ that the maxim “If some 
alloy is good, more is better” had often been the 
criterion rather than “What is the minimum alloy 
required to give the necessary properties?” The 
toolsteel business has always been highly com- 
petitive, and to gain a foothold in a desirable 
account, a new or more highly alloyed steel was 
frequently brought out. In normal times this is 
no doubt a good method, and keeps an industry 
alive and healthy as, in the long run, the new 
steel either finds its place by displacing the older 
one or fades from the scene. The industry was 
quick to recognize that such conditions were not 
compatible with the maximum war effort, and 
the first step was a voluntary reduction by pro- 
ducers in types and brands which often over- 
lapped in function. This immediately resulted 
in a saving of alloys and, by the concentration 
on fewer varieties, increased production. 


Revision of the List 


The principal alloys used in toolsteels that 
became critical in supply, and the order in which 
their scarcity became apparent, were tungsten, 
vanadium, nickel, and molybdenum. There was 
a brief fear of a cobalt shortage, which happily 
was relieved before serious curtailment in the 
toolsteel field had to be made. 
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Fortunately, in respect to tungsten, we had a 
substitute steel pretty well along the road of 
development, in the form of the so-called “moly 
high speed steels”. I don’t know when we could 
set the date that they were first brought into com- 
mercial use, but by 1935 their use was consider- 
able and increasing year by year. When the 
necessity of conserving our tungsten supplies 
became evident, and the M-14 order was issued 
(June 11, 1941), the ground work had been well 
laid and the change over to the use of a larger 
proportion of molybdenum high speed steel was 
readily accomplished. The M-14 order, as orig- 
inally issued, called for a 50-50 division — in 
other words, no more than 50% of a_ user’s 
requirements could be filled with the tungsten 
high speed steel, which now became known as 
“Type B steel”, and the balance must be of the 
molybdenum type, known as “Type A steel”. This 
order was to expire on November 30, 1941. 


er 


Experience gained in the use of the Type A 
molybdenum steels under this order was suffi- 
ciently favorable, and the tungsten shortage 
became more stringent, so an amendment to the 
M-14 order was issued on November 29, 1941, 
permitting only 25% of Type B or tungsten steel 
in making up a person’s high speed steel require- 
ments. This restriction was in effect until May 
10, 1942, when the order which is now known 
as M-21H appeared, the old M-14 having been 
revoked. The new regulations permit 35% of 
tungsten steel with 65% of molybdenum steel. 
This change was made to help ease the load on 
molybdenum and was made possible by a some- 
what increased supply of available tungsten. 

With the acceleration in production that 
came after Pearl Harbor and our entry into the 
war, it soon became evident that a critical short- 
age existed in vanadium. While this element 
was used quite generally, when the necessity for 
economy came it was decided to eliminate it from 
all toolsteels other than high speed, and to 
eliminate the so-called “double vanadium high 
speed steels”, except those containing cobalt. 
This was followed later by a definite limitation 
of the vanadium content of all high speed steels 
to the absolute minimum required for a satisfac- 
tory cutting tool. 

As the war production program moved on 
through the year 1942, it developed that the 
measures to conserve nickel in alloy steels and 
tungsten in high speed steels, together with the 
greatly increased production of all steels, were 
throwing a very heavy burden on molybdenum, 
which in turn became a critically short alloy. To 
help bring consumption within acceptable bounds, 
toolsteel was asked to make its contribution to 
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conservation. This was immediately under... 






















and accomplished by limiting the amoyy N 
molybdenum in alloy toolsteels to the absojy, nad 
minimum required. For example, the quantity \ 
of the high molybdenum types of high gy». anad 
(containing 7.5 to 9% Mo) which could be pp, N 
duced in any three months was limited to % he m 
of that produced in the second quarter of 199 N 
The balance of 70° of the make was to be oj the nolvb 
so-called 6-6 type (which was actually set yp » ‘N 
54e-4% basis, with maximum molybdenum va re Va 
at 5%). The remaining alloy toolsteels, consiy. N 
ing of the general classes of hot work steck anadi 
high carbon high chromium, air hardening i N 
steels, and the miscellaneous alloy toolsteels, wer N 
then carefully studied by cooperating groups N 
metallurgists from industry and the War Produ. jum | 
tion Board, and the alloy contents and the varie N 
ties of each type were cut to the absolut jum | 
minimum of good practice. N 

This covers briefly, and in more or \efmpium | 
chronological order, the various steps taken | 6%. 
get the maximum production of suitable toolste Ne 
with the minimum expenditure of critical alloy 1.9 
I have made up the adjoining table which repre. Py 





sents a fairly complete though condensed list 





the grades of toolsteels in common American ws 






prior to 1940. Probably we can best illustrak 





what changes have been made due to the preset 
emergency, by showing how this list has bee 
modified into steels at present available. Actual) 







compared to the changes forced upon other fields 
the changes have been very minor in characte 



















Changes in Specific Steels No 
Changes in detail are as follows: 
No. 1, plain carbon toolsteel. No chang » 
No. 2, carbon-vanadium steel. Eliminate ! 
vanadium, which eliminates the steel! , 
No. 3, tungsten hot work. Eliminate , 
vanadium. ) 
No. 4, molybdenum hot work. Elimu 6 
the vanadium and set a maximum of 1! : 
molybdenum. 9 
No. 5, chromium hot work. Set maximu 10 
0.50% on molybdenum. 1 
No. 6, tool room oil hardening. Elimuinat a 
vanadium and set a maximum of $90 ‘4 
molybdenum. 15 
No. 7, tungsten fast finishing st« No chang 
No. &, medium tungsten toolstee!. Elim 16 
the vanadium and set a maximum 0.30% a 17 
molybdenum. 18 
No. 9, carbon-chromium steel. Elim!" . 
vanadium and set a maximum 0.50% & z | 





molybdenum. 



























































» 1.90 


No. 1 hromium-tungsten. Eliminate the 
gnadium ; ' 
No. I chromium-vanadium. Eliminate 


nadium, which eliminates the steel. 
No. 12. chromium-nickel toolsteel. Eliminate 


he molybdenum and limit nickel to 1.75% max. 


No. 13. silicon-manganese toolsteel. Limit 
solvbdenum to 0.50% max. 
‘No. 14, high carbon chromium. Eliminate 


he vanadium and limit molybdenum to 1.0% max. 

No. 15, chromium air hardening. Eliminate 
onadium and limit molybdenum to 1.25% max. 

No. 16, 18-4-1. Limit vanadium to 1.10% max. 

No. 17, 18-4-2. Eliminated entirely. 

No. 18, molybdenum high speed. Limit vana- 
ium to 1.20% and molybdenum to 8.75%. 

No. 19, molybdenum high speed. Limit vana- 
ium to 1.90% and molybdenum to 8.75%. 

No. 20, molybdenum high speed. Limit vana- 
ium to 1.60%, molybdenum to 5% and tungsten 
De. 

No. 21, cobalt high speeds. Limit vanadium 
max. 

From the above it is apparent that the main 
ffort vanadium, this element 
ing eliminated from all types except the high 
peed steels, where it has definite effect on the 


was to conserve 


utting efficiency of the steel. 


Table I — Changes in Representative Types of American Toolsteels as of 1940 


Carbon steel, sometimes called plain carbon 
toolsteel, or just toolsteel, is the toolsteel of 
industry. It is by far the most widely used and 
most adaptable for a wide variety of purposes 
(except machine cutting tools, where high speed 
Some of the 
reasons why it is so widely adaptable are that by 
suitable variations of carbon and hardening treat- 
ment, we can go from the machine steels up to 
the maximum range of hardness. In the higher 
carbons it hardens file-hard after a simple water 
quench, yet (due to the fact that the depth of 
hardening is definitely limited, and the hard sur- 
face is backed up by a softer, tougher core) it 
has a resilience and ability to absorb shocks not 
possessed by many of the more expensive alloy 
It can be worked over and rehardened a 
Forg- 


or carbide tools are pre-eminent). 


steels. 
number of times without harmful results. 
ing and hardening are relatively simple. 

In other words, carbon steel couples the best 
all-around properties with ease of handling. 
Under a war shortage of alloying elements, its 
place in the tool room becomes most important, 
and its wider use means real conservation. 

In addition to the steps cited, which had to 
do with the production of toolsteel, it was also 
recognized that be 
plished from other angles. 


conservation could accom- 


Italic type means steels or elements eliminated by W.P.B. conservation orders in 1942; 


bold face type means maximum permissible content at present. 





No TYPE Cc MN S! Cr V Mo OTHERS 
Carbon Toolsteels 
Plain carbon 0.70 to 1.3 0.25 0.25 
Carbon-vanadium 0.70 to 1.3 0.25 0.25 0.20 
Alloy Toolsteels 
rungsten hot work 0.25 to 0.55 0.30 0.30 3.0 0.50 to 1.0 5.0 to 18.0 W 
‘ Molybdenum hot work 0.25 to 0.45 0.30 1.00 5.0 0.25 10to15 ) 1.5 max. W 
Chromium hot work 0.75 to 1.10 0.30 0.30 3.0 to 4.5 0.50 max. 
. fool room oil hardening | 0.70 to 1.00 | 1.0 to 1.8/ 0.30 | 0.50 max. | 0.20 maz. | 0.30 max. | 0.50 max. W 
‘ Tungsten finishing 1.20 to 1.50 0.30 0.30 0.50 3.0 to 5.0 W 
5 Medium tungsten 1.00 to 1.30 0.30 0.30 0.50 0.25 0.30 max. 1.25 W 
2 | Carbon-chromium 0.8010 1.20) 0.40 | 0.30 | 0.50 to 1.80 0.25 0.50 max. 
‘0 Chromium-tungsten 0.45 to 0.60 0.40 0.30 1.5 0.25 25W 
. Chromium-vanadium 0.45 to 0.60 0.40 0.30 1.0 0.20 
. Chromium-nickel 0.60 to 0.80 0.40 0.30 0.85 0.50 max. 1.75 Ni max. 
‘?  Silicon-manganese 0.40 to 0.70 0.80 2.0 0.50 max. 0.50 max. 
a High carbon chromium 1.50 to 2.20 0.40 0.40 10.0 to 14.0 0.40 10 max. 3.5 max. Co 
‘) | Chromium air hardening 1.00 0.70 | 0.30 5.0 0.30 1.25 max. 
wr High Speed Toolsteels 
~ r 0.70 0.30 | 0.30 4.0 1.10 max. 18.0 W 
18 - . | 0.80 0.30 0.30 4.0 1.8 to 2.5 141020 W 
‘9 “ enum high speed 0.80 0.30 | 0.30 4.0 1.25 (1.20) | 8.25 (8.75) 1.3W 
96 ~ * num high speed 0.80 0.30 0.30 4.0 2.25 (1.90) | 8.25 (8.75) 
01 ~o enum high speed 0.80 0.30 | 0.30 4.0 1.75 (1.60) 4.5 (5.0) 5.5 W (6.0 W) 
- high speeds _ Any of above plus cobalt over 3.5 min. | 1.90 max, 3.5 min. Co 
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One was the more efficient and careful use of 
tools. In other words, anything which could be 
done to reduce the breakage or spoilage of tools 
meant less tools required and in turn less toolsteel 
for their manufacture. This idea was stressed by 
advertisements, articles in trade journals, films 
gotten up by various companies showing methods 
of more efficient preparation and use of tools, 
and educational programs in the shops for the 
machine operators. The latter involves such 
things as the proper application of chip breakers, 
the danger of jamming tools up against the work, 
properly making sure everything is tight before 
starting an operation, having tools reground by 
an experienced tool grinding department instead 
of the individual workman — all steps which 
become so much more necessary with the large 
proportion of new, inexperienced help. 

Another field which has been worked to 
advantage is the “tipping” of tools. This can be 
viewed in two ways — first as a method of mak- 
ing new tools, and second as a method of salvag- 
ing tools where worn out tools are used as tips for 
new ones. There are several ways of accomplish- 
ing this, as by cementing, welding or brazing. 
Worn out or broken tools can also be salvaged 
by butt-welding short ends together to make new 
tools or to repair broken ones. In fact, a number 
of companies have demonstrated that amazing 
savings of high speed steel can be accomplished 









Hard chromium plating is used in 9 differs 
way to prolong the life of tools. In m iny iNstanc 
the original tool is plated to get longer initig) life 
By replating the worn surfaces the usefyl jij; 
prolonged, often by repeated runs. If the ti 
itself is not damaged, it can be replated q ; 
becomes worn and run again and again. Th 
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Well Proportioned Trimming Die, Where ( | 
bon Toolsteel, Water Hardened, 6 I 


j 


Required Safety in Manufacture and 





by establishing a salvage department in each \) 
plant, to take these problems in hand. method is more frequently applied to » edo 
Another very profitable method of salvage is tools such as dies, mandrels and gages, the mpha 

the regrinding of worn out tools. Cutters, saws, cutting tools. e im 
taps, files, and the like, which are worn down As the result of a large amount of pata g an 
below the point of usefulness, may be brought hard work, a commercial method of salvagagble | 
back to duplicate their original form by expert high speed steel grindings has been worked «@jphis j 
grinding with special wheels shaped for the job. provided the grindings have been kept sep inctic 
Perhaps they may be given a different form. and not contaminated by other materials. » nd ha 
Such salvage is done by straight grinding; no grindings are reduced to mixtures, over ™ mos 
annealing or rehardening is necessary. metallic, suitable for charging back into "@jj@etuall 
SO { 

Form Cutter — Only One of Hundreds of Examples of Tools we \ 

Made by Cementing, Welding or Brazing a Small Piece of ugglin 

Expensive Toolsteel on a Larger Piece of Machine Steel ¥ 
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{ Problem in the Selection of Steel Solved 


by Medium Carbon, Alloy Toolsteel, Possess- 
Hardness 


ing Toughness With Moderate 


of 


wrse, means alloy con- 


elting furnace. This, 


pPrvation the grindings 
a high grade ore of 
molybdenum, 


come 
sten, 


mium and vanadium. 


Better Design 


{nother thing which 
not think can be over- 
this 


mportance of 


mphasized at time is 
preserv- 


g and getting the best pos- 


ible life out of our tools. 
his is not altogether a 


mnectuion steel analysis 


Tool Where 


of 
' Fillets 


nd hardening. Design plays 


‘ 


St important part; 

lly, more can be done 

so designing the tool as to eliminate or mini- 

weak points to insure long life, than by 
ussiing the steel analysis and its treatment. 

loo m ny times we see tools designed from 

echanical standpoint only, with no considera- 

siven to the metallurgical aspect of the prob- 

lt is well recognized that when stress is 


| ied | 


a body, symmetrical in section, the 


pplied load tends to distribute itself evenly 
hroughout the be “ly being stressed. If, however, 
he body is not symmetrical, and contains sharp 
sles, abrupt changes of section or keyways, the 
Tesses te to build up to high values at these 
calized points. Recent articles in Metal Progress 
— ‘ feature as it relates to the service 
© Ol n 


ne parts, and the same principles 





Are Ample, so Plain Water-Harden- 
ing Steel Can Be Satisfactorily Used 


apply to tools. Other published analyses of the 
effect of a notch on a plain cylindrical piece 
when subjected to tensional stresses are of inter- 
est in the in tension 
multiplied two or three times its original value 
at the base of the notch, depending on its shape 
at the root. Bear in mind that this is simple 
static tension, and does not include impact and 
all the other dynamic stresses which a tool experi- 


this connection; stress is 


ences in service. 

Surface finish has also an important bearing 
on the life of cutting edges. A roughly finished 
cutting edge is made up of a series of projections 
easily broken off, thus dulling the tool. A smooth 
finished cutting edge prolongs tool life. This 
emphasizes the of honing cutting 
A rough quantitative appraisal of this 
factor is contained in tests by Faulhaber on the 


effect of finish on the endurance limit of standard 


importance 


tools. 


laboratory specimens in the fatigue test: 


Per CENT OF 


Type FINiIsu ENDURANCI 
Polished 100° 
Ground 92 
Smooth turned 83 
Rough turned 80 
Depth of notch 

0.004 in. 75 

0.020 59 

0.080 58 


Petersen has also shown 
that keyways ‘s in. deep by 
1, in. wide have a pronounced 
the 
of specimens | in. diameter. 
Such a 
runner 


influence on endurance 
with 
ends” cut the 
limit to 62° 

another with regular rounded 
ends cut it to 48° 


keyway made 
“sled 
endurance 


and Chamfers ; 
of a smooth 





Small Bosses on Ends Must Be Protected in 
Hardening to Prevent Breaking in Water 
Quench, When Made of Carbon Toolsteel 
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specimen. His study on the effect of transverse 
holes is equally suggestive. A %4-in. hole in a 
l-in. specimen reduced the endurance limit to 
71%; a *-in. hole in a 3-in. specimen reduced 
the endurance limit to 53%. 

The effects of threads are illustrated by the 
findings of Stanton and Barstow, who showed 
that screw threads on a specimen subjected to 
repeated stress reduced the endurance limit to 
67% of what it should be, reckoned on the area 
at the bottom of the thread. 

All of the above figures are on medium car- 
bon alloy steels and would be much accentuated 
in the case of hardened toolsteels. 

As, of necessity, many tools must contain 
some or all of these deleterious features, we must 
by generous fillets, radii, chamfers, and so forth, 
co all we can in design to mitigate their effect 
and, of course, so design our tools as to eliminate 
these weak points. We must not let ourselves be 
deluded by the thought that because a tool in use 
is not subject to shocks or impact stress we can 
avoid these precautions. Most tools have to be 
hardened, and in the hardening operation itself 
they are often subjected to greater stress and 
shock than they may ever be in use. I feel per- 
fectly safe in making the statement that the 
majority of tools and parts which break in use 
or in the hardening operation are casualties 
because of neglect by the 
designer or mechanic who 
omits proper fillets or radii 
at sharp corners. 

Another important 
point is to avoid attaching 
small sections to large ones 
unless it can be done by 


gradual tapers or long 


radii. If you visualize the 
volume changes which 
occur during hardening, 


you can heavy 
stresses are set up which 
are localized at the point 
of attachment of the small 
section; if the change of 
section there is abrupt, it 
will probably fly off. 
Usually the last opera- 
tion on a set of tools before 
delivery to the shop ready 
for use is to grind them. 
Many a perfectly designed 
and hardened tool has been 
spoiled in grinding. In the 


see why 


wheel speeds and feeds 





‘ Bad Case of Alligator Cracking 
first place, the proper on Large Punch Due to Unbe- 
lievably Bad Grinding Practice 
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Sad Plight of Tool (With Thin Rims o, 
Heavy Body) After Quenching at Too Rapid 
Rate. If design cannot be adjusted, the | 
must be made of an air-hardening analysis 









should be selected by experience and consultatio: 





with experts of the grinding wheel manufacturers 
Improper grinding can both soften and crack 
Gerald R. Brophy has given the 
results of some investigations on this subject 

a paper before the American Society for Ste 






hardened tools. 





























Treating (@) entitled “Stresses and Cracks eX 
Hardened and Ground Steel” (see Transaction ho! 
Vol. 18, 1930, p- 423). All tool room foremen. | iten 
hardeners, and metallurgists should study it care. thi 
fully. Brophy’s findings confirm those of prac! he cl 
in a very definite way—namely, that will eI 
improper grinding condition nd s 
any hardened tool can ts { 
cracked and ruined, that | 
overheated in hardening WN 
more susceptible to cracking 
than those properly harden 2 
and that proper drawing or ten | 
pering lessens the susceptibility L iil 
to cracking. q Kt 
In closing this brief pape \ | 
on toolsteels and the war eff ‘ 
I would like to add a word 
tribute to the toolstee! - 
ducers. They have, in all cases 
been most co-operative Though this i 
called on many times on ver ng a 
short notice to make sudded depth 
and often drastic changes with ; 
schedules and practice, some 5 
times counter to long-esta> Bmp eces 
lished promotional! and sales Slight! 
campaigns, the industry has mens 
never hesitated. Without thi round 
ready and helpful co-operate” perall 
the road would have bee § paper, 
long one, and nothing like co” mage 
parable results cou'! have "" we 
orto 






accomplished. 
























METALLURGICUS’ 














BITS AND PIECES 


OWN 


in @ book of your choice 





DEPARTMENT 


for a publishable item) 











Improved Clamp for Sheet 
Metal Specimens 





\ PREPARING sheet metal for metallographic 
examination, a metal clamp is frequently used 
hold the specimen. Unfortunately, difficulty is 
ften encountered in etching specimens mounted 
this way, because etchant is retained between 
the clamp jaws and the specimen, and seeps out 







ler to stain the polished surface. Cellophane 
nd soft metals have been recommended for gas- 
ts to seal the crack, but the former is somewhat 
sloppy to use and the latter 


















i introduces galvanic difficulties 
during etching; neither 
, | method prevents seepage of 
| corrosive out from around the 
= IK \\ : ends of the specimen. 
\ LAN) A simple way to overcome 


these difficulties is to relieve 
the jaws of the clamp so they 
do not come into contact with 
the polished surface, as shown 
in the small engraving at left. 
ls Is easily done by closing the clamp and mak- 
54 groove s, to 4s in. wide and about the same 
depth, along the line of contact between the jaws, 
with an abrasive cut-off wheel or hack saw. 

Sheet metal as thin as 0.012 in. has been 
‘uecessiully polished in such a clamp with 
‘ightly relieved jaws. In polishing long speci- 
mens like this, there is less danger of rocking and 
founding the edges if the long dimension is held 
parallel to the direction of travel of the abrasive 
paper, instead of turning through 90° after each 
Stage of lishing, as is more or less standard 
a |. E. Burke, Research Laboratories, 

orton ( any.) 








l} 
: 


in 
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Quenching Fixture for Small Items 


(7]HEN necessary to harden locally a_ large 
number of small screws (or any small part 
with a flat end) I use an ordinary magnet. The 
parts are arranged on the magnet, placed in the 
lead pot to the proper depth, quenched and 
removed. This method is adaptable to a wide 
variety of jobs which are time-consuming yet do 
not warrant the making of special fixtures. 
(BERNARD ZYNIEWSKI, Tool Hardener, Watervliet 
Arsenal.) 


Chart for Computing Tensile Stress 


HE LABORATORY WORKER who pulls 

unmachined test bars as of cast non-fer- 
rous metals —- often has quite a computation to 
determine the results, due to the variation in 
diameters of the test bars. This computation of 
pounds per square inch (psi.) from the breaking 
load (or yield load) and area looks simple, being 


Load 


(3) 


but a nomographic chart is helpful for speed and 
accuracy. This type of chart is one of the sim- 
plest to construct and may be drawn in a short 
time to cover any desired range. The larger the 
chart the better the accuracy. 

A large sheet of graph paper is desirable. 
On this, about 8 in. apart, parallel and uniform 
scales of load and area are laid off in opposite 
directions. A diagonal is drawn between their 
(actual) zero points. This diagonal is subdi- 
vided in psi. over the desired range by intersec- 
tions of construction lines connecting various 


Psi. 
































loads and a convenient area. If an area such as 
0.200 sq.in. is selected, the psi. result is five times 
the load. A final step completes the chart: The 
various points on the area scale are computed 
back to diameter and listed on the same scale. 
This cannot be done initially as the chart con- 
struction is based on the area equation and not 
the diameter. (J. C. GouLp, Metallurgical Dept., 
Federal-Mogul Corp.) 


Test Specimens From Welded Pipe 


OR THOSE interested in American Welding 

Society’s and other code requirements for 
welded piping, a simple and rapid method of 
preparing the tensile and bend specimens takes 
advantage of the fact that most carbon and low 
alloy steels (up to approximately 0.30% carbon) 
can be oxygen-cut without impairing the ductility 
of the metal. 

Briefly, the ends of the welded pipe sections 
are cut, if not of suitable length, to a length of 
from 7 to 10 in., leaving the weld in the exact 
center. The welded pipe is then mounted in a 
lathe and machined to remove the reinforcement 
from both the face and root of the weld. Next, 
it is placed in a fixture that centers the pipe in a 
lathe and cut into test specimens of the desired 
width with a cutting torch the 
adjoining sketches. 


as shown in 


Cut edges of the test specimens are cleaned 














of slag and rounded 
slightly with a file or —— a ———_——- ERAN 4 
grinding wheel. Such Lathe Head | amare 9 : 
specimens may be then ti L__ Smoother 
tested for tensile strength i fi | Portion 
and in cold bending Hitt Weld 
without any further (Fixture ji) 
machining. = Wj ~ em? LON 

This method of oxy- | 
gen machining, without rm : 
removing the _ heat- i 
affected zones from the Clamp” — —— ——=2 
cutting operation along — carat A«<-4 ee 
the edge of the weld, 


gives quite satisfactory 

testing conditions so long as the carbon 
or alloy content of the pipe is not high 
enough to cause excessive hardening due 
to the cutting flame. In the latter case, 
the edges would then be mechanically 
machined before testing. The suitability 
of specimens of this type has been recognized in 
the revised American Welding Society standards 
for mechanical testing of welds. (Joun J. Crowe, 
Assistant Vice-President, Air Reduction Co.) 


Cutting Torch 
Mounted on 
Gross Slide 
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Taking Tin Out of Babbin 


W ESTINGHOUSE standards, prior to 194 


called for two babbitts, one with 960 


bearings 


requiring corrosion 


resistance, hy 





ti 


loads, high speeds, elevated temperature, 


easy castability) and the other with 8 
many pedestal and bracket bearings 
became necessary to save tin, many places we 
found where the engineer “played safe” with \ 
In one such application alone 


high tin alloy. 


conversion to the 8% tin alloy saved abou 


tons of tin a year. 


tin 
Whe 


Two new alloys hardened with arseni 


proved satisfactory. 


has good properties at working temperatures , 
has been used for armature bearings in raily 
In t 


One 


is the 
eutectic plus about 1% tin and 3% 


service, subjected to severe pounding. 


other alloy the arsenic is dropped to about | 


lead-antin 


arsenic 


it is suitable for places where hardness is 


desirable than ductility. 
trifugally cast. 


Associated with this general scrutiny of | 
bitts, came an improvement in babbitting | 
Higher casting temperatures gave bet 


niques. 


Likewise it can bh 


fluidity, but required better control of co 


rates to minimize segregation. 
shells 
(A. H. PHewps, Vice-President, Wes 


surfaces of backing 


required. 


tinghouse Electric & Mfg. Co.) 


Better “tin 
have also 
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of tests must be when setting up the job on the an accurate small machine and 
spot welding alu- machine but at 2-hr. intervals handy grips, that can be placed 
y sheet, not only during production. This requires right in the production line. 









RAPID AND ACCURATE 






INSPECTION OF SPOT WELDS 









By L. L. ANDERSON 


Lief Engineer, Winters & Crampton Corp., Grandville, Mich. 
















f bere cseomm facilities, quick and handy, are prov- turer in a specialized peacetime line of refrigera- 








ing absolutely essential to our manufacturing tor, stove, and range hardware, we had designed 
ctivities (now 100° war production) to provide and built many testing machines and special 
ves for the supervisors and inspectors, as well pieces of research and development equipment. 
s the workmen themselves not only as a moni- Our light-load pull tests, mostly of a laboratory 
the workman, but also to teach him and nature, had previously been carried out by special 
ike it possible for him to see what he is doing. equipment made in our own tool room — the total 
hus he is able to better the product many times cost of which would doubtless have purchased 
er, usually without increasing the cost. In fact, several light-load testing machines. 

























he cost is decreased by lower- Turning to war produc- 






: to a minimum the per- tion, several months of 






nlage of serap. preparation finds us entirely 


This monitory service on war products of a half- 






dozen classifications. 
The particular job 
which made an efficient 


rded by various testing 
ipparatus has gone a long way 









reducing our serap, teach- 






















g our employees very rap- , tensile tester a “must” in 
lly, and making it possible to Ps. our plant was one which 
f eS 


required installation of a 
battery of Taylor-Winfield 


e inexperienced help and, 





by showing them where they 



















erring, advance them very Hi-Wave spot welders for 
ipidly in the production of aluminum sheet. The 
gh-quality work. It has been machines must be qualified 


rough testing and metal- at the start of operations, 







sraphic examination that we then the spot welds tested 
have been able to produce very and recorded by the Naval 
igh-quality welded parts of Inspector every two hours 
rieale shape and design, 
th j 














erienced employees 






Hand Operated Tensile Tester, 
7500-Lb. Maximum Capacity, 
Rigged for Rapid Tests of 
Spot Welds in Single Shear 


ur plant in a rela- 
ely s t time. 







1 leading manufac- 
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during the 24. Quarterly which is at least 9 
S at least 25: 
tests must also be sub- the average of th b 
. , . e « 2 @« . 
mitted to the Naval Air- specimens tested m 
craft Factory. Other Navy Specifics. 
Ordinarily when Ja tions describe the 


, Tepa- 
testing the strength of a ration of specimens whe, 
fastener, the minimum weld spots join three » 
load is the only limiting i = four plies of metal, 
requirement. However, The purpose of thi 
in qualifying welding . somewhat Bakelies 
machines under Navy ssasazpa=ee a description is to st 























specification PW-6 cover- , the importance of Seek 
ing “Processes for Spot ; sion testing equipment 
Welding of Aluminum since every test has 
and Aluminum Alloys”, bearing on the ay 
test results must not only ful qualification of th: 





> y ‘er > M ; i . 
be governed by minimum welding machines 
o rt . te 7 . . « sy ye | 
figures for various material Because the particul: 
"hk *Sses € t ) Ss, . fs . 
thicknesses ind alloy but job for which 
also by maximum figures. 

















According to this specifi- 
Long Slotted Jaws for Tensile Machine | 
ite alata i taal ' vide for Extra Long Tensile Specim 
a y overtiapp . S e spo rhe ’ ° 
. ‘ | 5 & I Which Can Later Be Trimmed and Re-Us 
welded strips of aluminum Set-up shows adapter for testing spot wi 
are pulled apart in a shear in tension. Spring controls 
load, and this operation QGlearance for on jaws give instant g 
repeated en 25 welded speci- — Extra Length when mounting a specin 
| : | in Tensio 
mens, the high and low test SPECIMENS 


ig ‘- s o . ‘pe > , 
figure must not exceed the plant was tooled required 


cation, when two flat, par- 


average in 21 - the 25 by . the joining of various combinations 
mapsand than 3 10%. In the seven different metal thicknesses 
remperwed four + rene two alloys having two and _three-pl 
a ee eth. tl welds, it is obvious that hundreds of tes 
= lo ’ : ; welds were required to qualify 
result of the group must not machines. Had this testing been do 
be less than a minimum on anything but a fast-operating, ac 





the 





established by the specifica- satin: | aametaheas such ea the be 
tion for the given alloy and Spiral operated Dillon tester shown in th 
rary pk photograph, which handled all of 
In the case of spot weld Thrust fo_| tests—serious delays might hav 
tension tests, two U-shaped Jaws Home occurred. With the “heat” turned 
specimens are joined by a the job from many directions, the rest 
spot through the bottom of the U see- could have been unpleasant for us and 
tions, which have been “buttoned” the ultimate user, W 
together in the welding. The projecting Attachment to would not have received 
legs of the U each have a hole through , a the asemblies on time 
which set serews are passed into an Our tensile tester 
adapter leading into the upper pair of equipped with a 1000-l! 
tester gripping jaws and with similar dynamometer dial with finely spaced graduations for mor 
means engaging the lower jaws. The accurate reading of the loads within this range. We have 
device is shown in the line drawing. an additional dynamometer of 7500-Ib. capacity, qwe*” 
Springs attached as shown are very interchangeable with the other after disengaging two bane 
handy in providing instant grip on the — operated pins. Some of the tests mentioned abo required 
specimens. The 25-specimen test control heavier loads. 
which governs the shear test also applies For checking electrode pressures, a Gene’ 
to the tension spot testing, except that 4500-lb. gage is used. We constructed a double 
the minimum load is based on a figure is retained by the Dillon tester (Continued o: 
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| Electric 
ng which 
nage 562 
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ns of Otto Almen’s 
before @ Chapters 
of Metals as Influ- 
esign and Internal 
ve 


rvice 


described some 


means whereby the situation 


can be (February, 
page 209, and May, page 737). 
Last month the proposition was 
argued that engineers in mass 


production industries should 


improved 


failures and 


usually design for a limited life, 
and that installment and the 
present show how the sloping 
part of an endurance curve then 
becomes more useful than the 
stress for infinite endurance. 


ENDURANCE OF MACHINES 


UNDER A FEW HEAVY LOADS 


By J. O. 


ch Laboratories Division, 


|’ the article on page 254 of last month’s issue, 
entitled “The Useful Data to Be Derived From 
itigue Tests”, a working hypothesis was estab- 
shed that the slope of the fatigue curve of parts 
ide of heat treated steel, as measured on a log- 
g plot, may be considered a measure of effective 
if the line is flat, the effective 
ress is close to the amount computed for ideal 


tress. That is, 


shape and surface; if the line is steep, the test 
ieces contain stress raisers, either due to irregu- 
iar surface contour or metallurgical irregularities. 
Fatigue curves for varying degrees of resulting 
‘tress concentrations converge toward a_ point 
near the tensile strength of the material, and 
cated oul at some considerable number of stress 
veles. 

lt will now be shown how this hypothesis 
has been used. 

lt should be remembered that the tensile 
‘rength in a test in which the load is slowly 
creased is lower than in a tensile test in which 
the load is maintained for a very short time, as 
ia tatigue test, and also that there is a consider- 
the strength of any 
measured by a number of tensile test 

See “Deformation and Fracture of 
Under Cyclic Stresses in Relation to 
Structure” by Gough and Wood, Insti- 
aa Mechanical Engineers, March-October 
AIT, | '75.) Therefore, the tensile strength 


ible \ 


tion in tensile 


laleria 
specim 
Mild St 
Urystal 


tution 


ALMEN 


General Motors Corp., Detroit 


on a fatigue chart would actually plot as a band 
and not as a line and would lie above the normal 
tensile value. Likewise, the lines of a fatigue 
plot would converge to a region above the normal 
tensile strength and would probably not meet at 
a point. However, the inclusion of these variables 
would considerably complicate the above hypoth- 
esis and since they occur in a region of the 
fatigue plot that has little or no practical value, 
they may, for the present, be ignored. 

The application of this hypothesis to the 
parts some 
large variety of 


fatigue strength of machine has 
important implications. A 
machine elements are constantly being tested for 
relative durability in the laboratories of indus- 
tries engaged in the manufacture of light weight, 
high output machines. In most cases these 
fatigue tests are intended to compare one design, 
material, or process with another design, mate- 


rial, or process. 
Destructive Tests Necessary 


It is axiomatic that nothing can be learned 
in regard to limiting loads except through tests 
to destruction and, therefore, the fatigue tests for 
practically all parts are run to failure and the 
comparison is made on the number of stress 
cycles at constant load that each part will with- 
stand. As stated above, this procedure is followed 
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regardless of whether, in practice, the part in 
question is stressed below the fatigue limit or 
whether it is a part requiring relatively short life 
at maximum stress. 

This method of evaluating test results is sub- 
ject to serious error for several reasons. If it is 
true that fatigue curves radiate from a point in 
the high stress region, it is obvious that com- 


scatter bands will be available for a la 
of machine parts. 

Only occasionally are fatigue tests on machiy, 
parts run at various loads. In the very few cas 
where data from a reasonable number of sy) 
tests run at sufficiently large load differences a 
available on commercially identical parts, a ; 
sonable number being 100 or 200, we find thai ty, 

scatter of the test Points 


3 Variety 





Fig. 11 Average Fatigue Curves 
of Two Materials of Similar 
Strength May Cross if One Has a 
Higher Ratio (Endurance 
Ultimate Strength) 
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Limit to 
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— 7 - 5 
parisons of specimens can- 
not be made on a percentage 
basis only, since the percent- 
age difference will vary all 
the way from zero to infinity 
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| Enaurance Limi 


when plotted on logarithy 

coordinates falls withiy 

well-defined pattern. This 
pattern tends to radiat, 
from a point at high stress 
and a low number of stress 
cycles, and to diverge t 

broad band at 
and high number 
cycles, just as was sugges! 
in Fig. 4 of last 


a 


a = Material A- 





low stress 


of stress 


month's 








depending upon the load that 
is applied during the test. 

Furthermore, since the scatter band existing 
for each machine part tested should also radiate 
1 of 


in 


from the same point, as was shown in Fig. 
last month’s article, the width the band 
terms of life may be several hundred per cent, 
of tests is run 


of 


and unless a considerable number 
for each part there is no assurance that whatever 
life difference is found is real or just the chance 
location of these particular test points within the 
band. It is easily possible that a better 
design, material, 
lower than the poorer design, material, or process 
if an insufficient number of tests is made. 


scatter 
process will apparently rate 


Fatigue Curves May Cross 


It is possible that the average fatigue curves 
for two materials having different tensile 
strengths and yield points will cross at some point 
in the finite life region due to differences in 
sensitivity to stress raisers. In such cases, life 
comparisons may be positive for one material at 
one test load and negative for the same material 
at another test load, if the two are put into com- 
petition. The diagram on this page, Fig. 11, illus- 
trates such a situation. 

It is evident, therefore, that true comparisons 

‘an only be obtained through fatigue tests on a 
sufic ient number of parts at varying loads to out- 
line the slopes of the scatter band limits. While 
this may appear to be an impractical requirement, 
it is not so difficult as it seems. It is only neces- 
sary that the results of the present routine tests 
be accumulated on a fatigue diagram, and in a 
relatively short time fatigue curves and their 
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Cycles to Failure 
Fig. 12 196 Tests to Destruction Rear 
Axles for Automobiles (Almen and Boegehold 


on 


Endurance of Rear Axle Gears 


This is clearly shown in Fig. 12, which }s 
fatigue diagram of about 200 complete automobi! 
and truck rear axles of various makes and sizes 
taken from a paper by Almen and Boegehold 1! 
Proceedings, American Society for Testing Mat 
Vol. 35, Part 2, 1935, entitled “Kear Ax 
Gears Factors Which Influence Their 

The stress scale shown in this diagram 

actual stress but is believed to be proportion 
to actual stress. The axles were tested at loads 
to produce failure of one or more pinio 
through the range of from 7000 cycles to 1,000.0" 


The scatter of the test points 's due 
y simile 


rials, 


n teeth 


cycles. 
variations always present in commercia 
parts, such as in residual stresses, fille! 
ter scratches, bearing, shaft and hous 
tions, and warpage in heat treatment. 

the average dura! 


idii, cul 


g del 


The slope of 
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as the horizontal distance divided by 
| distance measured on logarithmic 
s is approximately seven, while the 
the upper and lower limits of the scatter 
respectively nine and five. The inter- 
section point at the left of the diagram should 
ie near the ultimate strength of the material 
approximately 300,000 psi.) which, if proved, 
would supply us with a measure of actual stress 


calculat 
the vel 
yordin 


s} ypes Ol 


band al 


for the entire diagram. 

The diagram is not ideal as a proof of the 
scatter band or the intersection point, since it 
neludes a variety of axles made from various 
lloy steels variously heat treated for which the 
stresses were calculated by an empirical formula. 
Satisfactory determination of the characteristics 
f the seatter band would require a large number 
f fatigue tests on one form and size of specimen, 
made of one type of material similarly heat 
treated, and tested to produce failure over a range 
f stress repetitions from as near a single cycle 
{ stress as possible up to the number required 

set a true endurance limit. 


Ball and Roller Bearing Tests 


\ccording to The Ball Bearing Journal, No. 
1927 (SKF), data approaching these require- 
ients have been accumulated by the various ball 
nd roller bearing manufacturers, but the pub- 
shed data are not yet extensive enough to define 
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Slope of Fatigue Curve for Various Stress 
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Fig. 13 
RP 


NAanges as 


Top as for a Valve Spring, Middle 
r a Gear Tooth, Bottom as for a Crankshaft 


the form of the scatter band. Particularly, more 
data are needed in the very low stress range and 
n the very high stress range. However, fatigue 
‘ata on ball and roller bearings need not in all 
particulars agree with fatigue data on other forms 
‘machine parts, since failure of rolling bearings 
usually originates below the surface of the mate- 
Many surface influences, which play impor- 
rts in fatigue of ordinary machine parts, 
therefore, absent in rolling bearings. This 
would expected to influence the permissible 
| possibly the form of the scatter band. 
er band as reported by Macauley (The 
le Engineer, Vol. 13, July 1923, page 
by Styri (Mechanical Engineering, Vol. 


rial, 
tant p 
are, 


Siress ; 
T he s 
luton 
213 


47, June 1926, page 490), is parallel to the aver- 
age life curve throughout the life range shown. 

Ball and roller bearings are also peculiar in 
that their S-N curves show no fatigue endurance 
limit as is usually found in steel fatigue speci- 
mens. According to the catalog ratings, the sloped 
lines continue to more than a billion (10°) inner 
race revolutions and since there are several stress 
cycles per revolution, we do not find a knee in 
these curves up to more than five billion (5 x 10°) 
stress cycles. See The Ball Bearing Journal, No. 
3, 1937 (SKF, Toronto). 

We seek to determine actual stress only as a 
step in predicting the adequacy or inadequacy of 
our designs. Any other means that will enable 
us to predict the performance of our designs will 
do as well. Bearing manufacturers do not con- 
sider stress in their ratings but rely entirely upon 
tabulated load capacities. These capacities have 
been determined by service experience, correlated 
with laboratory tests on complete bearings. In 
practice we are not only unable to calculate or to 
measure stress accurately, but we do not even 
know the manner of load applications in service 
on the majority of machine parts. 

Laboratory fatigue testing of automobile or 
other light-weight, high-output machine parts, as 
well as other laboratory tests such as on fuels, 
oils, and tire wear, must be correlated with 
service data on the part in question before the 
results can be accepted. This requires that, for 

fatigue strength, tests must be devised that 

will agree with failures that occur in normal 
8 service as to the location of points of fracture 

and the character of the fractures —- whether 
@ or not the test procedures agree with precon- 
ceived notions of service loading. 


Effect of Stress Range 


The slope of the finite life portions of the 
S-N diagram has now been discussed from the 
standpoint of fatigue at 
range. Most of the test data presented hereto 
have been taken from specimens in which the 
However, many 


tests constant stress 


stress was completely reversed. 
machine parts are otherwise stressed as, for exam- 
ple, properly tightened bolts in which the stress 
range approaches zero. Valve springs are stressed 
through a relatively narrow range in one direction 
only, being preloaded to approximately 25,000 
psi. stress which is increased to approximately 
90,000 psi. when the valve is fully open. Gear 
teeth usually are loaded from zero stress to a 
maximum stress in one direction only. Axle 
shaft stresses are somewhat more complex, being 
completely reversed in bending during each revo- 
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lution due to the weight of the car; they also 
transmit torque in one direction only. 
Experiments have been made to determine 
the effect of varying the stress range, but again 
interest lay in the stress at the fatigue limit, and 
little data are available on the change of slope of 
the curve with stress range. However, since the 
stress at the fatigue limit increases as the stress 
range decreases, as has been amply demonstrated, 
it follows that the slope must decrease (become 
flatter) as the stress range decreases. 
their 


Kommers in 


, 


Moore and book 
“Fatigue of Metals” present, somewhat apologet- 


ically, a modified Goodman diagram from which 


on 


the fatigue slope for ideal specimens may be con- 
structed for any stress range. Figure 13 (p. 437) 
shows a replot of this modified Goodman diagram 
for three stress ranges. The upper line represents 
a small stress range similar to that of automobile 
valve springs; the second curve represents a stress 


range of from zero to maximum as for gears; and 
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Fig. 14 Three-Dimensional 
Model (Strictly Qualitative) 
senting on Its Front Face the Influence of 
Commercial Variations in Manufacture on the Effec- 
tive Stress Causing Fatigue Failure at Relatively Short Life, 
and in Its Depth Representing Effect of Stress Range (Com- 
plete Reversal at Front; Slight Fluctuation at Back). At side 
is a suggested list of actual machine parts whose working 
stresses come within the indicated range 


Repre- 


Metal Progress; 


the lowest curve represents complet 
stress as may occur in a crankshaft 
of these curves are respectively &0 

We thus see that slope of the { 
varies with 


everss 

he slone 
tS and 

igue ¢ 

as well ith si 
concentration and, therefore, the hypothesis 4 
the slope of the fatigue curve is a function 


stress range 


as 


usual conception of stress is no longer tep 


al 
If, however, we state that the slope of the fat 
curve is a function of effective stress, the hyp 


esis will apply for any stress range. 
Three-Dimensional Fatigue Diagran, 


Figure 14 is a three-dimensional! dia 


£Tal 
the modified Goodman diagram by Moore 


Kommers. The vertical logarithmic scale of t} 


diagram represents stress, the horizontal logar 
mic scale on the forward side represents stress 
cycles, and the arbitrary horizontal depth s 


front to back) represents stress range 


Items on Side 


Properly 
Boilers; br 
Universal joint 
Most splines 
Improperly tig 
Front 
Valve 


Chassis springs 


wheel spi: 
springs 
Frames; bearing 
(ears 
Steering x 
Wrist 
Axle 
Connecting 


" 
pins 


shafts 


Propelle rs 
Crankshafts 
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The forward face is the ordinary S-N dia- 
mplete reversal of stress; the back 
;-N diagram for a stress range of zero 
static stress); and a section at the middle of the 
seale would be an S-N diagram for a 
of zero stress to maximum stress. 


gram f 
face 18 a 

stress-rang 
stress I e 
rical values of the stress-range scale 
arbitrarily selected so that 2 represents 
reversal of stress, 1 represents stress 


The num 
nave be¢ 1 


mplete 
io maximum in tension, and zero repre- 


The equation used in 


m zer‘ 
sents no change in stress. 
Fig. 13, page $37, 


minimum stress 
. maximum stress 
has. therefore, been used to locate points of inter- 
mediate stress range. 

We find that on the light-colored forward 
face of this diagram are drawn two straight lines 
liverging from a point at the upper left. These 
two lines represent approximately the best slope 
upper) and the poorest (lower) that have been 
tained from available fatigue tests on machine 
ts at complete stress reversal. These slopes 

such that, at one million stress reversals, the 
worest specimens (slope 4) are capable of sup- 
porting, by hypothesis, between 7 and 8% of the 
tensile strength of the material; the best speci- 
mens (slope 8) are capable of supporting, by 
hypothesis, about 23% of the tensile strength 
{ the material; whereas the slope of the Moore 
ind Kommers’ diagram (slope 17, the upper edge 
i the forward face) indicates that, at 1,000,000 
reversals, the specimen should support about 50% 
{the tensile strength of the material. 

These conclusions are based upon the fur- 
ther hypothesis, previously stated, that fatigue 
diagrams are straight lines, on logarithmic coor- 
dinates, reaching up and ending at a point on the 
tensile strength line at some considerable number 
Since the data on machine ele- 
ments indicating the slopes of their fatigue curves 
are meager, the diagram should be considered as 
qualitative only. 


| stress cycles. 


The stress-range (depth) face shows lines 
hat are even less supported by reliable evidence. 
They also represent the best and the poorest of 
‘aligue tests on machine parts and are based on 
he point each at stress range 2, at stress range | 
and converging to a point of stress range zero 
and ultimate strength. The diagram is presented 
iere in the hope that other experimenters will 
come forward with data to prove or disprove the 
iypothesis upon which it is based. Since we have 
no reli; means for determining stress and 
‘nee fatigue tests on laboratory specimens can- 

lor evaluating the strength of machine 


hot be 1 
parts, we have no recourse but to continue fatigue 


tests on machine parts in our industrial labora- 
There is, however, much that we can do 
to improve our technique in setting up the con- 
ditions of tests and in interpreting the test data. 


tories. 


Tests Based on Service Experience 


The methods now used for coordinating 
laboratory tests with service experience are too 
haphazard to be completely reliable. Service fail- 
ures must, obviously, be infrequent and when 
true fatigue failure does occur, it is the result of 
harder-than-usual service combined with a speci- 
men lying on the lower fringe of the fatigue 
scatter band. Since failures must be infrequent, 
it is highly important that failed parts be exam- 
ined by competent observers in order that the 
true cause of the trouble may be determined. 
Clear evidence of fatigue failure does not prove 
that the failed part was primarily responsible. A 
bolt may fatigue because it was not properly 
tightened during assembly; a gear may fatigue 
due to improper support or to a failed bearing; 
a crankshaft may fatigue due to inadequate or 
mal-adjusted vibration dampers; and so on with- 
out end. It sometimes happens, therefore, that 
immediate corrections are made to the wrong 
part and recognition of the true trouble may be 
greatly delayed. 

Laboratory tests must not only duplicate 
service failure as to location of fracture, but must, 
in some cases, produce failure in approximately 
the same number of stress cycles if accurate life 
comparisons are to be made. This requires that 
we distinguish between normal operation stress 
and the relatively infrequent overloads that 
caused the failure. 

For instance, rear axle automobile 
are, at worst, stressed at low-gear torque one 
cycle out of every thousand (according to Almen 
and Boegehold in Proceedings, American Society 
for Testing Materials, Vol. 35, Part 2, 1935, page 
99). The lifetime requirement of such gears, 
therefore, is 100,000 cycles at low-gear torque, 
equal to about 30 miles of travel. Due to the 
scatter of test points this is nearly 250,000 cycles 


gears 


measured on the average fatigue curve. 

Automobile chassis springs normally operate 
through a small stress range, but they must be 
designed to withstand a total of high stress cycles 
equal to the number of bumps that will be experi- 
enced by the hardest driver on the worst road. 
This is a relatively small number of stress cycles 
but the problem is aggravated by the fact that 
such springs are subjected to severe corrosion 
and to surface damage by stones. Hence experi- 
ence requires an average lifetime of 100,000 cycles 
at maximum amplitude. 
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Clutch springs in town driving are deflected 
approximately 500,000 times during the lifetime 
of an automobile, but not always at the maximum 
amplitude. Therefore, a life of 500,000 cycles 
at full amplitude is a minimum requirement. 

Fatigue data from machine parts can profit- 
ably be studied for the purpose of constructing 
empirical formulas by which load capacity even- 
tually may be accurately calculated. 
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40 
104 10s 
Cycles to Failure 
Fig. 15 — Edgerton’s Tests on Helical Springs, Plotted 
on Semi-Log Coordinates. Group A and B are iden- 
tical, except in diameter of helix. Stresses calculated 
by two formulas, and Reuleaux’s seems to be more 
reliable as it gives fairly concordant results at long life 


Comparison of Stress Formulas 


An interesting comparison of the relative 
accuracy of two formulas for calculating stress 
in coil springs was made by C. T. Edgerton in 
“Stress in Helical Compression Springs, Present 
Status of the Problem” (Transactions, American 
Society of Mechanical Engineers, Vol. 61, 1939, 
page 643). He plotted semi-log S-N curves for 
two groups of springs that were identical in every 
respect except that they differed in the ratio of 
spring diameter to wire diameter, the spring 
indexes being respectively 3 and 5. The stresses 
for both groups of springs were calculated by the 
method of Rouleaux and by the Wahl method 
with the results shown in Fig. 15. From this chari 
Edgerton concluded that the Rouleaux method 
was superior because the curves for both springs 
gave approximately the same endurance limit 
whereas the endurance limit for the two springs 
‘aleulated by the Wahl method varied by 20%. 

When these data are plotted on logarithmic 
coordinates, as is shown in Fig. 16, and analyzed 
by the hypothesis previously stated, we cannot 
escape the opposite conclusion. Note that the 
curves plotted to the Rouleaux formula intersect 
at 300,000 or 400,000 stress cycles, an impossible 
condition by the proposed theory because the 


materials were identical. The Wahl form, 
curves intersect in the region of hich stress 
is required by the theory. The difference jy 
of the two Wahl curves is interpreted as digy. 
ences in stress concentration or in stress wie 
for these two groups of springs. The fact thy 
these data show greater stress concentration » 
greater stress range for the springs haying the 
greater index requires explanation, but the dai 
at hand are insufficient to permit a more comple, 


” 


analysis. 

The numerical value of stress in these spring 
as shown in the chart is not now important { 
reasons that have been discussed, nor shoy|d } 
be assumed that the Wahl formula will suff 
when adequate data have been studied. 

These springs are introduced here to s| 
that the accuracy of practical stress formulas | 
any machine element can be analyzed no mat! 
how complex the stress pattern if given the neces. 
sary fatigue data. This has already been ¢ 
for a number of machine parts and suflk 
fatigue tests have been made on other parts 
construct significant stress formulas if they 
be assembled for study. 

It is realized that the discussions given |! 
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Fig. 16 — Same Tests Plotted on Log-Log ( 
dinates Indicate That Wahl’s Formula Give 
Better Agreement With Logic of Circumstam 
Existing at Heavy Stresses and Shorl Li 


























several subjects introduced in this pape! 
inadequate and incomplete. They are inadequ 
because of limitations of space and they 
incomplete because of meagerness of data. 
hoped, however, that enough has been said 
indicate some of the shortcomings of our pr 
procedures and to stimulate action whereby ; 
may improve the efficiency of both men * 


materials. 

In the preparation of this pape! 
has been given valuable assistance 
tions by Howard Grange, Carmin Gu 
mond L. Mattson and John C. Strau! 
General Motors Research Laboratorie: 
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tilure of heat treated experience with structural engi- __ the initial stresses in the indi- 
es forming the main neering problems in modern vidual wires, where they pass 
bles of (wo suspension bridges aircraft, finds similarities to around the anchorage shoes, 
wain atiracts attention. The early troubles with looped ends reveals large residual stresses, 
uthor of the following article, of stay wires in biplanes and aal but ignored by former stu- 
had considerable rigid airships. An analysis of | dentsof this unexplained failure. 


The 192 
bridge | 


pho h rs 


RESIDUAL STRESSES IN WIRE LOOPS AT 


ANCHORAGE SHOES OR GROMMETS 


By GIVEN BREWER 
Willow Run Bomber Plant, Ford Motor Co., Ypsilanti, Mich. 








‘ALUTARY INTEREST in the subject of inter- was used in all the early aircraft for shear and 
nal or residual stresses is being awakened in drag bracing within airplane wings and fuselages. 
ihe minds of engineers everywhere by the troubles Such wires were anchored by looping around steel 
encountered in some of our all-welded cargo ferrules; ferrule and loop were then soldered. 
steamers and tankers. For the present, censor- Such an anchorage would develop 100% efficiency 
ship (naval, industrial and individual) undoubt- in static tests, but many fatigue failures occurred 
edly conceals many of the facts. Nevertheless, in service in the loop, without any sign of “duc- 
1 good idea of how serious the effects of locked-up tility”. Note that this was not heat treated 
‘tresses can be in large welded structures is con- (quenched and tempered) wire, but cold drawn 
tained in the series of articles in Metal Progress wire of the same type as the conventional bridge 
for June. An elementary study of their causes wire. Similar troubles were intensified in the 
ind avoidance was also printed in this journal internal bracing of rigid airships of the Zeppelin 
ast month. type containing as many as 30,000 wires under 

Even without this topical interest it would be tension, every one with loops at each end. How 
vell worth while to revert to the subject in con- this problem was solved will be mentioned during 
nection with the still unexplained (at least not the discussion below. 
‘satisfactorily explained) failure of the heat 
‘reated bridge wire in the Mount Hope and Historical Background 
\mbassador bridges, for residual stresses have 
‘trangely been overlooked by students of that 
metallurgical mistake. Yet they can be clearly 
shown to have a pronounced effect —at least 
‘here is no doubt that residual stresses approach- 
1g 120,000 psi. were placed in the wire by the act 
formir 2 it about the anchorage loop. 
| Neither is the problem of looped ends of stiff 
als entirely foreign to aircraft construction. wwaes 

ano ' ne , : : : —_ 
bel — wire . the highest quality steel *June 1932, page 45; July 1932, page 27; August 

d drawn to high tensile strength, 1932, page 30; September 1932, page 43. 


Now to revert to the bridge wire failure. For 
historical background I quote from the series of 
articles by Ernest E. Thum in Metal Progress.* 

These two toll bridges were constructed in 
1929 by McClintic-Marshall Co., well-known 
bridge builders, from designs prepared by the 
bridge owners. Originally the designers con- 
templated using cold drawn wire for the main 
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cables —- standard since the Brooklyn bridge was it is therefore plastic enough to flow and easeon 
built in the 70’s— but later the “better” heat high stress concentrations. In a later contripy. 
treated wire was substituted, it meeting all the tion (August 1936, page 67) he explains th, 
required acceptance tests. In fact, it had a concentration of breaks in certain strands by thy 
higher proportional limit and “yield point” (load rapid increase in tensile load due to the elgstj 
at 0.75% elongation in 10 in.). Specified and test contraction of their anchorage bars, progressively 
values after galvanizing were as shown in the unloaded by the failure of the wires in tha) 
adjoining table. strand, one by one — a vicious cycle. 

Bridge cables are “spun” from an endless The second important publication was }y 
wire. Tension in the wire is adjusted and it is W. H. Swanger and G. F. Wohlgemuth of th, 
then looped about the anchorage shoe, one at a National Bureau of Standards, presented to ¢} 
time. Cold drawn wire can be snugged up by American Society for Testing Materials in 193 
hand or mallet, but the heat treated wire was so and abstracted in Metal Progress in August 
stiff that it had to be wound 1% times around a that year. They tested the above theory by pla 
9%2-in. preforming sheave; on release, a loop was ing 135 loops of wire under increasing |Joads 
formed that fit the 19'2-in. anchorage shoe fairly eight broke under stresses between 120,000 and 
well; “lay dead” as the saying is. 195,000 psi., all in the portion in contact with th 

In the Mount Hope bridge some broken wire support, and 34 with low reduction of are 
loops were noticed at the anchorages about three These investigators concluded that “bending 
months after cable spinning was completed while stresses acting in conjunction with tensile stresses 
the suspended trusses and floor beams were being did tend to cause a higher-than-normal proportio: 
erected. Within another two months so many _ of the brittle type of fracture”, but that it cou! 
wires had broken that it was apparent that the not be a major influence in the trouble. Th 
bridge was unsafe, so it was dismantled and investigators then presented extensive tests 
re-erected with cold drawn wire. The Ambassa- hairpins of wire, bent around an anchor shoe an 
dor bridge, also being constructed with heat pulled taut, and found that they would break 
treated wire, was not so far toward completion, the pull were fluctuated between 600 and 10,)0) 
psi., whenever the experimental set-up was suc! 
that this range of stress permitted the bent wir 


and serious trouble had not been observed; never- 
theless it also was reconstructed. 

Since these bridges were to be opened on a at the shoe to change its curvature by “spring 
certain day, or large penalties paid by the erectors, back”. In other words, minor changes in tens 
there was little time for study of the broken wire stress induced major changes in flexural stress 
on the site. A quantity of it was sent to the beyond the endurance limit of the material, « 
National Bureau of Standards. Two principal fatigue failure resulted. 

Without doubting the accuracy of the test 
and the direct conclusions, it may be pointed 
that exactly the same results of approximal 
the same magnitudes were found for cold draw 

The first was the series in Metal Progress, bridge wire, so they have no clear and immedial 
about three years after the occurrence, made by application to the solution of the puzzle, “why 
the Editor after long study of the circumstances. does heat treated wire fail, yet cold drawn wi 
His principal conclusion was that “the troostitic endure?” 
structure of quenched and tempered eutectoid Now the point I wish to emphasize is that |! 
steel is unyielding and brittle under creeping bridge erectors, the men at the Bureau of Stane 
loads slightly above the elastic limit”. His dia- ards, and seemingly other commentators as 
grams (not quite correct) 
recognized that the pre- 
formed loop contained such sans Westies Cas Cop Drawn Wine 
high residual stresses that a oe rome 
relatively small superimposed MINIMUM | anise | MINIMUM a venaGt 
direct stress in tension SPECIFIED | SPECIFIED 
brought the extreme fibers up Ultimate strength —_| 220,000 psi. '215,000 to 230,000| 215,000 
to the elastic limit. In his Proportional limit 150,000 
opinion the success of the Yield point 190,000 190,000 144,000 I 


° . 4% 6 
cold drawn wire is due to the . 


publications have been made. 


Explanations of the Failure 


Tensile Properties of the Two Varieties of Wire 





990 O00 
110,000 


70,000 


Elongation in 10 in. | 4% 8% ae 


. : Reduction of area 30% 35 to 40% - 

ac é as a very low Poe ' ) 00 
fact that it has a very low Modulus of elasticity | 29,400,000 28,000, 
load for permanent set, and 
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Computation of Stresses 


Assumptions: I. Diameter of wire — 0.195 in. 

II. Diameter of preforming sheave — 9 in. 

Ill. Planes remain planes during bending 
and recovery. 

IV. The neutral axis does not shift and is 
Fig. 1— Location of Reference Planes considered to be at the geometric axis of the wire. 
for Stress Analysis in a Bent Wire V. The stress-strain diagram is the same in 


Section A-A 


compression as in tension. 

: : VI. No axial stresses are present during the 

have neglected the fact that a straight wire looped 
round an anchorage shoe, ferrule or grommet 
nd puiled up taut is under heavy bending 
stresses, and further that “preforming” until it 
lies dead” at the required radius does not elim- 
ite these internal stresses but merely rearranges 


preforming operation. 

VII. The modulus of elasticity (for recovery) 
remains constant with increasing strain. 

Regard the wire’s cross-section to be divided 
into eight layers by planes parallel to the neutral 
. a ; axis (Fig. 1). When the wire is bent to a given 
hem. Swanger and Wohlgemuth write, for - as 

pied : : ’ preforming curvature, for example 9 in., the out- 
nstance, “When released from the preforming : , 
side fibers are strained to a value given by 
sheave, the loop would spring open to the approxi- j 0.195 : 
¢ 195 
nate curvature of the anchor shoe. The loop was : 0.0212 
ite curvature of the an r shoe. The I p wa (Dad) 9 1. 0.195 
hen to be placed around the shoe where it would NOP Li 
lead’ i} bi — ; “1 where e = strain in inches per inch, 
dead’, and be subjected only to tensile d= wire diameter, 0.195 in. 
D = diameter of preforming 
2— Stress Distribution in Wire While Wrapped Around Preform- sheave, 9 in. 
) Sheave (f.-0-f.), and After Release and Springback (f«:-fv-0-fe-fe) 
rdinates of principal points are: f« = 120,000; e« = 0.0099; fx 
600; maximum tension near fir = 77,000 psi. 


SST ee 


urve (Tension) 
; f 
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— os | 
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-150+ 


0o--— 
“OO! “0005 0 
Strain burve (Compression) E, Strain, in per in 





€,Comores-| 
sion Stress” & 


- 


resses.” Note the last clause. Unfortunately, From assumptions III and IV, the strain at 
assumption that the preforming operation if other places (as at planes 3, 2 or 1) can be found 
relully executed would result in the elimination by geometry, as shown in Fig. 1. Knowing this 
‘bending stresses in the wire at the anchor shoe strain, the corresponding stress f can be found on 
Actually, upon recovery from the the stress-strain curves of tension and compres- 

felorming operation residual stresses will exist sion, and this is done at f,, fs.... in Fig. 2. It is 
er the cross-section of the wire. In the Mount obvious that practically all of the wire outside of 
a residual tension stress of 120,000 planes 1 and 1’ has been strained plastically by 

t the inner surface of the wire adja- this operation, either in tension or compression. 

surface of the anchor shoe when it is Upon release of the forming load the wire 

on the shoe. will spring open to a larger radius, the stress- 





ethod of determining these residual strain relationships on each plane of the cross- 
now be outlined. section recovering on lines parallel to the modulus 
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line. For example, an extensometer registering 
movements at the outer fiber will draw the line 
f, to f,,; similarly the opposite inside element 
fy recovers to fy,. The exact location of f,, on 
the line of recovery is determined by the inter- 
section of the inclined line parallel to the elastic 
action and the vertical through e,,, the strain in 
plane 4 after springback. e,, can be computed 
from the fact that the diameter of the loop springs 
ank OV. ; . - 
back to 19% in.: ines 0.195, —_— 
19.5 +. 0.195 

f,4- determined from this intersection scales 
120,000 in compression. 









* 


7 
/— grate — 
S - 
S 
F 


ig. 3 — Diagram for Figuring Moments 





Other points on the dotted line representing 
the stress-strain relationships of the preformed 
wire loop are found by similar constructions. 
Since planes remain planes it can be seen at once 
that the strain at any plane in the cross-section is 
proportional to its distance from the neutral axis; 
therefore, the strain at any plane after recovery 
from the preforming operation must bear the 
same relationship to the strain on any other plane 
that existed during the preforming operation. In 
other words, ¢€),:€4,—@,:e4, ete. The line f,,, 
fy,....0 is the opposite counterpart to the line 
on the right of the origin; therefore, the sum of 
tensile and compressive stresses equals zero, thus 
fulfilling one condition of equilibrium. 

Due to the fact that most of the metal outside 
of planes 1 and 1’ has plastically deformed, plane 
1 would have to recover almost as much strain as 
plane 4 after release if the stresses on both planes 
are to reduce to zero. This is obviously impos- 
sible; strain recovery on plane 1 may only be one- 
quarter of the strain recovery of plane 4, and the 
wire will spring open until the stresses across the 
section of the wire produce a balancing moment. 
In all cases the strain recovery on the outside 
fiber will exceed the value necessary to unload 
the fiber to zero stress, and the stresses in the 
outside fibers will undergo a change in sign. 
Thus the outside fiber of the bend which was 
initially in tension at /, will recover through zero 
stress and finally in the equilibrium position have 
a stress in compression as shown by f,, on Fig. 2. 

The same conditions are taking place save 
for a change in sign on the compressive side; f, 
recovers to f,, (tension). 
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The problem of locating the exact Positio, 
of the dotted line in Fig. 2 representing the stro. 
strain relationships of the preformed wire jg oy 
of trial and error. After several trials wi; 
diameter of preforming shoe it was found thy 
9 in. would be the correct value for D. The wiy, 
after bending to that diameter will spring bac) 
to a 19%-in. curvature, whereupon the residy, 
stresses over the cross-section sum to zero, ang 
also produce a balancing moment, thus hol 
ing the wire in equilibrium position at 19%. 
curvature. Figure 2 was drawn on that basis. an) 
satisfies the second condition of equilibrium, thy: 
the summation of moments must equal zero, 7 
calculate the balancing moment on recovery w 
first compute the moment of the section between 
planes. Stresses on planes 3 and 4 are scaled frop 
Fig. 2 as 42,600 and 120,000 psi. respectively. 

Moment from stress on an elementary su 
face rdy about O-O axis (Fig. 3) is 

dM =— 2rdy-f,-y 
where /, is the stress, and by construction 


77,40 
f. — 42,600 + a ; (y — 0.0731) 





From the geometry of the circle 
a = \/R? — y? = \/0.0975? — y? 
Substituting in the formula for dM we ha 
dM — 2\/0.0975? — y?- 
77,400 


y- (42,600 + ——. (y — 0.0731) 4 
0.0244 

Integrating this expression between the limits 
y = 0.0975 (plane 4) and y = 0.0731 (plane 
we get 

M, , — —12.97 in-lb. 

Similar computations (or graphical constr 
tion) will give the moments of the stresse 
between the other three planes. The net resul! ' 
as follows: 

M, 3 + M, 2 + M,., + M, 6 
= —12.97 —1.422 + 12.0+2 
== —0.092 in-lb. 
which is close enough to zero for the second © 
dition of equilibrium to hold. 

As noted, several trials were necess4! 
before the value of 9 in. for the preform! 
sheave was found to give approximately the ™ 
essary conditions for equilibrium in 19%" 
diameter loop. As the bridge construction ‘ 
pany used a value of 9% in. and the Bureau 


rT 


Standards found a value of 8% in. necessary ! 
the preforming diameter, the theoretical value | 
9 in. determined by the method jus described 
shows good correlation with actual , 
stress 


may therefore be concluded that ‘"¢ 
determined by analysis are also corr 















plotted in Fig. 4, revealing 
¢ COTO In. per in. Strain that the outside fiber stress 
ae a is higher for this condition 
than when the wire is first 
preformed. This high stress 
is recognized by Messrs. 
Swanger and Wohlgemuth as 
being responsible for the 





extremely low value of endur- 
ance limit obtained on cold 





drawn wire when it was sub- 
Q004 Stren jected to cyclic tensile 
Stress, ncwwaing stresses over a test anchor 
Q002 in. per in shoe without preforming. 

—aen " In the fatigue studies at 
| ee I | / the Bureau of Standards both 
kinds of bridge wire were 
preformed and then looped 
over a test anchor shoe and 
subjected to cyclical tensile 
stresses. The endurance 
limit as determined from the 
relationship load-—area was 
found to be very low on 
the order of 25,000 psi. for 





Neutral AXIS > 
% 


wiring having an _ ultimate 
tensile strength of 223,000 
psi.! As can be seen from 


a 
Stress in Heat Treated 
Wire Wrapped Around ~ 3 
@ 19%2-In. Anchor Sheave & 


Neutral Axis 


Fig. 2 a residual tensile stress 
of approximately 120,000 psi. 
existed at the inside surface 
of the wire before any axial 
. ; he ae . load was applied. Residual 
ig. 4 and 5 — Stress Distribution at Point of Tangency of Loop of 
Heat Treated Wire Drawn up to Anchor Without Preforming, stresses of this magnitude 
and (b) Same Preformed to 19%-In. Curvature, Together With 
Curves Showing Stress Distribution After Definite Tensile Loads the apparent endurance limit, 
Strains) Have Been Superposed. Note that horizontal scale is as determined by dividing the 
ontracted and vertical scale expanded, in comparison with Fig. 2 external load by the area of 
the wire (P-:A). The rela- 
\dditional Dead Load Stresses tionship between the actual maximum stresses, 
and the maximum stresses computed by P-:-A, 
Note, however, that the preformed loop is are given in the adjoining table. Values in the 
(tree of internal stresses. The residual stresses middle column are taken from Fig. 5. 
's obtained by this theoretical development are 
ery high, as may be seen from Fig. 2, being in APPARENT STRESS AcTUAL Maximum Stress 
the neighborhood of 120,000 psi. tensile stress at (EXTERNAL Loap iN Loop 
‘he inside surface of the wire. These high resid- —~ AREA OF WIRE) PREFORMED Not PREFORMED 
al stresses are present before any axial loads zero | 120,000 psi. 200,000 psi. 
re applied to the wire and while it is “lying rye — sen ae 
————Taa i. — 
é é any 55,000 200,000 207,750 
“ons In which these stresses were not considered. 200,000 205,000 210,000 
Using the same stress-strain diagram as 
‘town in Fig. 2, the stress distribution can be Although the presence of residual stresses in 
— d over the cross-section of the heat accurately preformed wires was not suspected 
an Ree it is bent over the anchor shoe (or at least not thought worthy of mention) by 
ul ‘orming. This stress distribution is the workers at the Bureau of Standards, Thum 


Inside Of-Bend ~* 


Without Preforming. 
No Direct Load = 


Y, 8 £4 6 6. £2.8...4 12.7 © 
Reference Plane Number 











would most certainly lower 
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outlined in one of his publications a_ residual 
stress distribution closely similar to the one | 
have analytically determined. V. N. Krivobok 
has also informed me that by the simple expedi- 
ent of filing away part of the bent cross-section 
and observing the change in shape of the sup- 
posedly stress-free preformed wire, he discovered 


that residual stresses did exist in it. 


Low Endurance of Cold Drawn Wire 


Conventional cold drawn wire, having vir- 
tually the same physical strength as the heat 


treated wire, has been successfully used for years 
in suspension bridge cables, and yet from Fig. 4 
it is seen that very high bending stresses near the 
ultimate must exist in these wires as well as the 
heat treated wires, since their stress-strain dia- 
grams are so similar. Yet despite these high bend- 
ing stresses the cold drawn wire has not failed 
in years of service while the heat treated wire 
failed even before its full dead load was applied. 
Furthermore is the point — of great significance 

that the fatigue tests reported by the Bureau 
of Standards reveal that the cold drawn wire 
when looped over the anchor shoe and drawn up 
in the conventional manner had as low an endur- 
ance limit as did the heat treated wire when it 
was preformed and then looped over the anchor 
shoe. Both wires then, under the conditions of 
their service installations, exhibit the same endur- 
ance limit for cyclic tensile loads yet the cold 
drawn wire is completely satisfactory while the 
heat treated wire is as complete a failure. 





The presence of the unsuspect: 
ual bending stresses in the prefor: 
easily explain its low endurance li 
did not the even higher bending s| 
cold drawn wire, with its equally lo 
limit, result in its failure in servi 
difficult to escape the conclusion that 
tests as outlined did not supply a full 
for the wide disparity in performay 
the two wires. 


Importance of Plasticity 


In general, the tensile physical properties 
the two different materials are closely sip 
with one exception, that of ductility or 
ticity by that 
under stress without fracture”. 


meaning “the al‘lity to 

several tes 
were made at the Bureau of Standards, by 
inspectors accepting the wire, and by the br 
company after the failure, in which tensil 
fractures occurred without appreciable or m 
urable reduction in area in the heat treated w 
As the two materials one successful and 
other a failure are almost identical in all phys 
cal properties except ductility, the finger of sus Fail 
picion points unerringly at deficient ductility 

Ductility plays a vital part in relieving f 

ing stresses which are very often ignored by 
engineering profession. Figure 2 plots the 
of plastic flow upon the stress distribution 
although the residual stresses are very high 
that is necessary to erase them is that the 
have the ability to flow plastically between | 


Photo by I 


vire then is just as stress-free as if 


evsta tion had taken place. 


The lity of metals to deform plastically 
relic forming stresses is so commonplace 


: this remarkable phenomenon for the most 
unnoticed and the average stress 
er realizes that he owes the close cor- 


. rt pass 
alyst 1 
ation between his elastic analysis and his static 

test to plastic deformation. 
In the Mount Hope and Ambassador bridge 
yres it would seem that the combined effect 
microstructure and surface imperfections 
juced the effective ductility of the heat treated 
re so that it fell an early victim to the high 
residual bending stresses which unfortunately 
sted at the surface —right in the region of 
ep surface discontinuities. The superior duc- 
ty of the cold drawn wire enabled it at least 
tially to equalize its bending stresses and 
duce the notch effect of such surface discon- 
tinuities as existed. Furthermore, the surface 
perfections in the cold drawn wire are notably 
ss severe than in the heat treated material. 


Failure of Music Wire Braces in Aircraft 


One final matter may be mentioned, as it 
iorms nicely with the analysis just given, and 


Fig. 6 
Airships. 














yet shows that troubles may arise with cold 
drawn wire even though bridges seem to be 
immune. I refer to the failure of cold drawn 
wire at looped ends when used as aircraft brac- 
ing. Karl Arnstein and E. L. Shaw of Goodyear- 
Zeppelin Corp. have mentioned this matter in an 
article on “Fatigue Problems in the Aircraft 
Industry” in Metals & Alloys for July 1939. Char- 
acteristic fatigue failures are shown in Fig. 6. 
From the springback it is obvious that unbal- 
anced stresses existed in the loops before fracture. 
In the third from the right the fracture started 
from the inside where the wire was held tightly 
against the grommet, exactly where the maximum 
residual tensile stress exists, according to the 
theoretical analysis. 

Whenever such failures were scrutinized it 
was found, according to Paul D. Ffield, then 
Goodyear’s testing engineer, that the wire had 
carried rapid cyclic stresses or was in a region 
where resonance had been set up. The complete 
cure was through devising an air hammer that 
would peen the wire down against the grommet 
after it was installed. This operation only took 
a few seconds, but evidently the wire was plas- 
tically deformed enough during that time so that 
the residual stresses in the loop were ironed out 
and reduced to a very low figure.  ) 


Characteristic Fatigue Failures in Bracing Wires of Rigid 
Wire is cold drawn piano wire, looped without preforming 


\ 
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FRACTURES IN WELDED SHIPS 


By JOHN TUTIN 


Reprinted from The 


LOCKED-UP stress may be controlled, like 

friction, in such a way as to be the servant 
of the engineer. Uncontrolled, it is likely to be 
his enemy. For example, locked-up stresses are 
employed, under control, in many familiar 
devices, such as a nut and bolt, a rivet, a loaded 
spring, a shrink fit. Out of control, locked-up 
stresses may cause the total failure of steel cast- 
ings, bridges, ships, aircraft. and other structures, 
large or small. The recent failure of the steam- 
ship Schenectady is by no means an isolated case. 

A locked-up stress is a stress which exists in 
a structure not acted upon by any external forces. 
It follows that in a loaded structure the locked-up 
stress at any point will be that proportion of the 
total stress which does not 


Engineer, 


July 


be of alternating signs: 
7. In a bracketed or “rigid” structure, locked-up 
stresses cannot exist in any given member unless 
a straight line drawn in any direction through 
that member intersects at least one other mem. 
ber, in which case the stresses must be of oppo 
site sign, with a moment or moments intervening 
(+, M, —). 

In relation to the foregoing principles, let us 
consider the simple example shown in Fig. 1, in 
which A-B, C-D, and E-F represent horizontal 
members, connected by vertical members A-E and 
b-F. Locked-up stresses may be set up in this 
structure by introducing, for example, a tension 
in A-B. This will induce a compression in ¢D 

and a tension in E-F. If the 


(+ — +) or (— + —), 





vary with the load. 
At any section through 


structure is symmetrical and 
the force in A-B is p, the foree 





an unloaded structure con- 








in E-F is also p, and in C-D il 





taining locked-up stresses 


the following conditions of 


is 2p. Alternatively, a tensi 
introduced into C-D » 





equilibrium must be satis- 


fied: 1. The algebraic sum of 


induce compressions in 4-/ 
and E-F. These stresses als 





the forces acting on any one 











produce bending moments ai 


nda 











side of the section is zero. 
2. The moment of resistance 


shearing forces in A-E an 
B-F. For a given amount 





of the section is zero. 
Further rules can now 


contraction or expansion 
A-B the stresses developed 





be written down as follows: 





the horizontal member 





Cc 





3. It is impossible to have a 


depend solely on the stiffness 








structure containing a single é 


locked-up stress. 4. It is 

impossible to have a structure containing only 
two locked-up stresses. 5. The minimum condi- 
tions for equilibrium are either three locked-up 
stresses or two locked-up stresses in association 
with one locked-up moment. 6. In a pin-connected 
structure, locked-up stresses cannot exist in any 
given member unless a line drawn in any direc- 
tion intersecting that member also intersects at 
least two other members, in which case the 
nature of the stresses taken in sequence can only 


Fig. 3 


J of the vertical members; that 
is, the more rigid we make the 

vertical members the greater the stresses Pp! 

duced by a specified amount of thermal cont! 

tion or expansion in A-B. 

The introduction of additional ve! 

bers, as indicated in Fig. 2, is equivalent, tor * 

specified amount of contraction or expansie® 

A-B, to an increase in the effective rigidity 0! the 

vertical members and will therefore result 

increased stresses in the horizontal n 


We now proceed from (Continue r 


tical men 


mbers 


? D jhA 
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.. comtralized control of cutting 
tools will save critical materials 


Information supplied by an Industrial Publication 


eunnecessarily high casualty rate of single point 
ting tools is a phase of speeding up production 
it needs close attention from management. 

Une remedy that offers great possibilities is the 
ablishment of a system of centralized tool control. 
Buch a system would have the obvious advan- 
pe of coordinating three most important factors— 
sign, operation and maintenance of cutting tools. 
10 be effective, design should be based on a 
owledge of actual operating requirements, in- 
iding material being cut and the machine on 
ich the tool is to be used. 


MAX FURNISHES AUTHORITATIVE ENGINEERING 
" 
A ON MOLYBDENUM APPLICATIONS. 


lima 


Speeds and feeds should be selected from the 
point of view of economical tool life instead of 
rate setting. Then operators should be prevented 
from running tools to destruction, thereby elim- 
inating the necessity for trying to salvage tools 
that are worn beyond all semblance of their 
original form. 

All worn tools should be redressed in the 
tool crib by machine according to the drawing. 
Operators should not be allowed to redress tools 
by hand to the angles they assume the tool 
originally had. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED « 
FERROMOLYBDENUM « “CALCIUM MOLYBDATE” 


ry 


York City 
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PERSONALS 


Joseru J. Cuase @ was grad- 
uated from University of Illinois in 
June and is now working as re- 
search metallurgist for Thompson 
Products, Inc., Cleveland. 


Ensign Ricnarp J. SHertock @ 
has been graduated from Ft. Schuy- 
ler, New York, and is now at Prince- 
ton University studying radar. 


New appointments by General 
Alloys Co., Boston: J. B. McOwENn 
©. field metallurgical engineer for 
the New York City, Long Island, 
northern New Jersey, and eastern 
New York State territory; E. E. 
WHITESIDE, representative in the 
northern Ohio and northwestern 
Pennsylvania area, including West 
Virginia; Paut A. Forp, representa- 
tive in Michigan; A. H. VALENTINE, 
the southern Ohio area; and R. W. 
Luzius, in California and the Pa- 
cific Coast area. 





URALOY 


. . . Skilled in the founding of 


chrome-iron, chrome-nickel 





The term “skilled in” refers to all phases of the business: 
knowledge of alloys and alloying elements; knowledge of 


conditions 


necessitating the use of high alloy castings; 


knowledge of moulding, melting, pouring, annealing. It also 
implies having available all the necessary modern equipment 
to turn out sound high alloy castings. 


Duraloy Metallurgists and Foundrymen offer a “‘skill in 
founding chrome-iron, chrome-nickel castings and founding 


equipment” second to none. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4ist St., New York 17, N. ¥. 


Detroit 
The Duraloy Co. of Detroit 


Kilsby & Graham 
STD. OIL BLDG., LOS ANGELES 


Scranton, Pa. 
Coffin & Smith 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans—Kansas City 


9-DU-1 
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F. C. Hurcniso ©. forn 
vice-president of th Fairfax 
neering Co., Kansas City, Kans, 
now general manager of the Yule 
Engineering Co., Me iam, Kans. 


H. C. Larson @ has returned 
his former position as metalh he 
engineer with the Bethlehem 
Co., Bethlehem, Pa., after 11 mons 
as technical consultant to the 
tridge Case Industry Commits 
Office of the Chief of Ordp 
Cincinnati, Ohio. 


E. W. Raney @, formerly mg 
allurgist with Republic Stee} ¢, 
and the Robert W. Hunt Co, @ 
cago, is now associated with 
lumbia Steel Co., Pittsburg, 
as staff assistant to the wire pi 
superintendent. 


R. J. HAFSTEN @ has left his» 
sition as research metallurg 
Armour Research Foundation, 
accept a commission as ensign j 
the U.S.N.R. as aviation voluntes 
specialist, and is now stationed 
the Post Graduate School of t 
U.S. Naval Academy at Annapoli 


R. V. Boss @, formerly assists 
superintendent, tube division, 4) 
minum Co. of America, \: 





Kensington, Pa., has been mad ir 
superintendent of the tube divi: ing 
at the Cressona, Pa. Works. an 
JoHN R. Qurinzio @, former a 
designer with the Columbus fg 
Kinnon Chain Corp., is now « To 
ployed by the Sterling Engin on 
of Buffalo, N. Y., in the same to 
pacity. a 
LituiAN H. Hammonno @ lia 
merly metallographist at Franktor ing 
Arsenal, Philadelphia, is now ott 
ciated with the Hardy Metallurg on 
Co. of New York City. on 
SuNE HERMANSON @, former M. 
chief engineer and metallurs — 
Wacho Mfg. Co., Milwaukee, ! 
in charge of the metallurgic as 
department for Universal Unit ¥ apy 
chinery Co., Milwaukee. 
ALBERT Katz @, formerly dev 
opment engineer for Bundy Tubia 
Co., Detroit, is now mm charge ° — 
development and research for me 
Metal Tube Co., Elizabeth, »- ¢ 
Wiirrep Cross @. formerly ™ 
the Wright Aeron utical Cor 
Lockland, Ohio, as ygnaflux tec 
nical supervisor, is "ow acu 
duty as an ensign, | S.N.R Bs 











MALLORY BEARINGS 
‘Lan lake It” 


Ri: LIABILITY under brutal punishment is the 
first essential for aircraft engine bearings. Increas- 
ingly, they are called on to withstand greater stresses 
and fatigues. But Mallory Bearings can— and do— 
“take it”, as the daily performance of thousands of 


fighter planes and bombers will attest. 


To hold up under the terrific pressures imposed by 
combat conditions, Mallory Bearings must be finished 
to an accuracy that even a few months ago was con- 
sidered a laboratory dream. Today, thanks to bril- 
liant engineering progress in machine design, bond- 
ing and testing technique, Mallory Bearings and 
other parts silver-surfaced by the Mallosil Process 
are rolling off production lines, made with precision 
accuracy that meets the most exacting requirements. 


Mallory Bearings are made by the Mallosil Process 

- the Mallory method of bonding rare metals (such 
as silver) to base metal backings. The process is 
applied effectively to both ferrous and non-ferrous 


. without 


even when heat treated.. 


metals... 
affecting their physical properties. 


The Mallosil Process makes possible precision produc- 
tion, not only of bearings, bushings, pinion races, gear 
supports and other aircraft engine parts, but other 
applications in aircraft manufacture. Collector rings 
with Mallosil surfacing provide long, efficient service 
in the control mechanisms of bomber power turrets. 
Mallosil-processed copper coils, rivets, fuse clips, cir- 
cuit breakers and relay parts give longer and better 
performance in electrical and communications devices. 


Today, Mallory Bearings and other products improved 
by the Mallosil Process are given over to War effort. 
Tomorrow, those products will be available for 
peace-time development. And Mallory engineers will 
have a wealth of technique and experience to place 
at the disposal of every manufacturer who is plan 

ning design improvements for high-speed motive units. 
Consult us. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA 
Cable Address — PELMALLO \ 


wrecemorks Reg. U. S. Pat. Off.—Mallosil, Rectostarter, Vibrapack 











MALLORY 





be F 


“SERVES THE AVIATION, THE AVIATION-INSTRUMENT ine oa 
THE AVIATION-COMMUNICATION FIELD WITH WELDING 
TIPS, THE MALLOSIL PROCESS —BEARINGS, SPECIAL ALLOYS, 
ELECTRICAL CONTACTS, VIBRATORS, VIBRAPACKS, CONDENSERS, ROTARY AND PUSH BUTTON 
SW’ CHES, ELECTRONIC EQUIPMENT, COMMUNICATIONS HARDWARE, RECTOSTARTERS 
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PERSONALS 


W. H. Sparrow @, formerly of 
the Special Ordnance Plant of York 
Safe and Lock Co., York, Pa., is 
now metallurgist with the Sperry 
Gyroscope Co., Brooklyn, N. Y. 


Transferred by Rustless Iron 
and Steel Corp.: F. J. Watton @, 
from Chicago to 
west coast representative. 


Los Angeles, as 





A. ALLAN Bates @, manager of 
the chemical and metallurgical de- 
partment of Westinghouse Electric 
& Mfg. Co.; Ropert F. Meni @, head 
of the department of metallurgical 
engineering, Carnegie Institute of 
Technology; Artuur Puiturs @, 
professor of metallurgy, Yale Uni- 
versity; and Grecory J. Comstock 
©, director of the powder metal- 
lurgy laboratory at Stevens Institute 
of Technology, will present a series 
of lectures on fundamental metal- 
lurgy over a period of a year in a 

















Close tolerance requirements in ordnance, 
instruments, aircraft and other materiel 
add a function of increasing importance 
for KSG Silica Gel. The dehydration of 


compressed air for surface inspection of interiors 
and exteriors is a case in point. 


Available in a wide range of capacities, starting at 


20 cfm and built for continuous or intermittent 


operation as may be required, KSG Silica Gel 


Dryers meet every industrial drying need. 


For descriptive bulletins, specific information or 


engineering assistance, address The C. M. Kemp 


Mig. Company, 405 E. Oliver St., Baltimore-2, Md. 
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technical educationa 
lished at the Escola 
the University of Sao | 
under the joint spo: 
Brazilian Government 
Office of the Coordi: 
American Affairs. 

H. J. Herne @ has 
metallurgical engineer with the Alu. 
minum Co. of America 


the Corps of Engineers, U.S. Army 
d at Can 


and 


is now 


Claiborne, La. 


DonaLp W. KaListrom @, fo; 


Stations 





9 oject estab. 


liteenica of 
iulo, Braz] 


ship of 


nd the US 
tor of Ir 


the 


tor 
itT- 


} 


resigned as 


to enlist 


yi 


merly tool engineer with Remingtop 
Arms Co., has been commissioned 


as ensign in the U.S. Naval Resery, 
attached to Ordnance. 


Rospert C. Woops, formerly 


rector of research at 


the Tay 










lar 
10r- 


Winfield Corp., has been appointed 


director 


City 


of 


industrial 


research 
the Picker X-Ray Corp., New York 


Byron A. WILSON ©@, Govern- 
ment inspection coordinator, of the 


Copperweld Steel Co., Warren, Ohi 
appointed 
naval 


has 


spector 


been 
of 


materials, 


assistant 


| 


Navy Dept., Cleveland District. 


ANSON BIDWELL ALanee @, | 


merly with A. F. Holden Co., is no 
Materials 


in 


the 


Division of t 


Sikorsky Aircraft Division of United 


Aircraft in Bridgeport, doing meta 


t 


lurgical work on the helicopters 


LEONARD C, 
products engineer, Kellett Autogi 


Corp., Upper Darby, P: 


JouHN F. Reais Reynowos @, for 
merly first helper at Jones & Laugh 
Pittsburgh, is no’ 


lin 


Co., 


Steel 


PESKIN 


» 


melting foreman at 
Gould Co., Rochester, N. \ 


Haroip E, Hay @, & 
ager for the past six years, has been 
elected president of Metals Disinte- 
grating Co., Inc., Elizabeth, N. J. 











resentative in the st 
sin and Minnesota. 
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Symingi 
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Promoted by Elect Refr 
tories & Alloys Corp., Buffalo, N. } 
Evcene P. Harrer ©, [ro! sale 
manager of the grinding whee! ¢ 
sion to general sales n ier. 

Added to the stat! ld neta! 
lurgical engineers of vy Cast | 
Co., Champaign, I! James | 
HaGeNn @, district m r fort 
state of Michigan; E. =_ r 

- Wiscon- 















How TO SELECT THE 
RIGHT CUTTING FLUID 


1 For Machining Nickel Steel, and ductile steels generally, if the cutting 
s operation produces a curling chip that bears heavily on the face of the 
cutting tool, use a cutting fluid high in anti-weld and anti-friction 
properties. Such properties are generally found in sulpho-chlorinated oils 
containing some saponifiable material. If visibility and ease of inspection 
are also of importance the oil should be of the transparent type. Chillo 
oils No. 140 or No. 143 will be found particularly adapted for service of 
this kind. 















For Similar Operations but where transparency is not a factor and where 
a the work warrants the use of a lower priced product of the sulpho- 
chlorinated type, without saponifiable material, we recommend Cities 
Service Grade A Cutting Oil. This oil has many satisfied users. 












For Less Severe Operations these base oils can be had in milder concen- 
trations to meet varying requirements—of tool life, finish, cost, etc. 










if Maximum Protection Against Staining is a factor, or if a high degree of 
» transparency is desired, in moderately severe operations, a mineral-lard 

oil in varying proportions, like Chillo Oils 1 to 5, will be found particularly 
applicable for the purpose. 








Where Cooling Is Of Paramount Importance—as in grinding operations 
. to assure accuracy and prevent distortion—oil-water emulsions fre- 
quently are desired. This type of cutting fluid is also often selected for 
operations where cost is a deciding factor. We suggest Cities Service 
Soluble Oil for these requirements. 
















Call your nearest Cities Service Office today——ask to have a Lubrication 
Engineer prove the value of these products on your own equipment. 
There is no cost or obligation. 


FOR COMPLETE CUTTING OIL MANUAL, WRITE TO CITIES SERVICE 
OIL COMPANY, SIXTY WALL TOWER, ROOM 1694, NEW YORK 5, 
NEW YORK. FREE TO THE PERSONNEL OF USERS OF CUTTING 
OILS. 












CITIES SERVICE OIL COMPANY 


NEW YORK . CHICAGO 











September, 1943; Page 453 












SOLDER 


(Continued from page 421) 
are practically identical with those 
after nine months. Average results 
follow: 


Foop LEAD ABSORBED 


Corned beef 


hamburger 0.09 ppm. 


Green beans 0.03 
Orange juice 0.08 
Evaporated milk 0.34 


The Continental Can Co. made 
similar experiments for eight 
months at room temperature. 
Results closely checked the above. 
Grapefruit juice was also packed in 
actual No. 2 cans, soldered with 
either (a) 70% lead, 30% tin, (b) 
95% lead, 2%% silver, 2%% tin, 
(c) pure lead. After four months’ 
storage at room temperature the 
average for all three was the same, 
namely 0.07 part per million. Simi- 
lar tests on tomato juice gave an 


average of 0.14 ppm. for each of 
the three solders. 
The Pet Milk Co. found 0.16 





Zoster BRAZING-SOLDERING 
—WITH AIR GAS TORCHES 





AJ Fast, efficient operation with- 
4 out the use of scarce and ex- 











hy’ pensive cylinder gases. Dan- 
‘3 
{2 ger of overheating is elimi- 
ty nated. 
Fo) 
’ / 0 vo < 7 - rT 
P ; F / Both mo yy = Fish Tail Burner Heads speed 
pipe am 
Y Blow yipes are extensively up the job of soldering con 
pe 7 % lensers. All joints are uniformly 
used for an extremely wide honted ak ue tines 
variety of brazing and soldering operations on : ; . 
production and also for general repairs = a eee eum 
Ronatanenll - . sniaoncademll 
Small Fish Tail Burners, either = 
7 mounted in manifolds with a 
conveyor to carry the work 
past them, or arranged indi- 
vidually in a frame, concen =r 
trate the heat where it is re 
quired for speedy efficient Special setups comprising vari 
brazing nus styles of heads all served by 
one mixer make it possible to 
braze numerous joints simulta 
neously 
{ “sor 
] i aE - With Hand 
|) 2a, P< Torches using 
2 Fish Tail 
Burners, car 
bide tips can be brazed onto shanks, heat first 
being applied to the shank to preheat it thoroughly, 


surrounding the joint with soft, non-oxidizing 
flames to prevent scaling, before the final brazing 
operation is performed 
> 
Large burner heads apply 
the heat from all sides on 
heavier jobs for speed in 
production with localized 
heating only. 














- y, 
wy 
F 
Fish Tail Burners in manifolds 
are supplied for conveyorized 


brazing or soldering on a high 
production hasis. Flame lengths 
to 6 ft. can be supplied. 


Any of this burner equipment can be sup- 


lied for use with city gas, natural gas or 


ttled gas and air at one te three 
pressure. 
apparatus is required. Write for literature. 


Representa- n 
tives in prin- 
cipal cities. awe 


unds 
No expensive mixing machines or 





, 


é 


Gas Furnace Co. 
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ppm. after two nths’ stores. 
evaporated milk put up ip cone 

dered with 97%4% lead. 2u«. . 
solder. Continen| Can C, a 
that evaporated milk stored . 


months at ordinary summer 


storage temperature jp Contact wi 
solder disks analyzed Jess lead th 
the original milk from the ci 
This was determined to be due 
the formation of some proteip » 
pound of lead that precipit, 
tightly upon the can walls a 
not readily removed save by sp 


scrubbing. Fairhall ip 1937 ¢ 
a variation of from none 4 
ppm. lead in canned evaporate 


milk purchased on the open markg 
and he packed this milk jp ¢ 
one-third full of lead-tin pellg 
After 8 months the lead conts 
varied from 0.06 to 0.30 ppm. 
variability seems explained by { 
recent work of Continental Cap. 

It becomes obvious that in pg 
of these representative foods ¢ 
the use of lead-silver solder y 
duce a lead pick-up which, plus 
original lead content of the { 
itself, comes anywhere near { 
2 ppm. taken as permissible. 

The remaining question is } 
of solder spatter — that is, whet 
digestive juices would attack acd 
dentally ingested tiny solder pel) 
with toxic results. Prof. Cowgill 
report wipes out any fear on i 
score: 

He fed rats for more than f 
months on a diet containing ; 
ppm. of lead as solder pellets 
97144% lead, 2% % silver, or of % 
lead, 2%% silver, 244% tin. Th 
showed no signs of lead intoxie 
tion and only very slight lead st 
age. Companion rats fed 300 pm 
of lead as lead acetate showed le 
poisoning and had high lead st 
age. Dr. Cowgill considers & 
“the pellets under investigation ¢ 
be regarded not presenting 
serious lead hazard when found | 
such products for exam 
canned baby foods.” 

The accumulated evidence ie 
to the conclusion that the lem 
silver substitute solder for to 
cans does not involve a hea" 
hazard, but is safe. 

While economics 
supreme in problems of wart 
substitution, it is of interest t° 
that, either at present pegged a 
or at normal prices under * " 
supplies of tin and silver, the 


as 


as, 


are m8 


silver solder is no more expe®" 

in raw material cost than the “4 

lead, 40% tin sol pres , 

used. Some can makers pre’ 

lead-silver solder can D of , 

made from electro!yvc = 49) 
trength 


reasons of side sea! 











PING TO SOLVE TODAY’S WARTIME PRODUCTION PROBLEMS 
KKK KKK KKK KKK KKK kkk KKK KKK kkk Kk 


weavy Structural parts on big bombers 
are now being $07 WELDED, 























TH.S HUGE MACHINE, weighing nearly 19 tons, is 
successfully accomplishing one of the most difficult of 
welding processes: that of spot welding aluminum and 
other light alloys in the heavier gauges. Aircraft manufac- 
turers are taking advantage of this development by speed. 
ing the fabrication of beams and other heavy structures 
In some cases, this process is even efficiently replacing 
extruded structures. 

The 240 KW machine illustrated (Type PMCO.5S-1) 
operates on the electro-magnetic Stored Energy Principle 
and incorporates the Sciaky Variable Pressure Cycle. Capac 
ity for aluminum and other light alloys or corrosion re- 
sisting steels is thicknesses of from .040” plus .040” mini- 
mum up to and including .187” plus .187” maximum. This 





—ciany Snes 








facturers of a Complete Line acta? — f di > > . 
A AC op Blecte: , machine is capable of welding 40 spot welds per minute on 
WISW «> ectric Resistance Welding Machines. two thicknesses of .040” light alloys. Maximum pressure. 
7TH ST. + CHICAGO. ILLINOIS when both cylinders are operated at constant, 12,000 Ibs 
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PROPERTIES OF METAL FOILS 


(Continued from page 424) 

equal 
stresses, and any tendency to tear 
the foil is eliminated. Force- 
deformation curves are obtained 
light 
reflected from the galvanometer 


are subjected to almost 


by focusing a spot of 
mirror on a screen. 


The tensile behavior of the 


foils examined (force-deforma- 
tion diagrams) shows no marked 
difference from that of metals in 
the forms usually tested, except 
that the elongations found are 
often much greater for foils than 
for the metal in bulk. 

Bend Tests — Two types of 
bend test were adopted —the 











‘T'HE OPERATION of this Rockwell Rotary 
Annealing Furnace (Retort Type) is entirely 
mechanical and automatic. Once the work is 
placed in the skip which awaits it on the floor, 
no further attendance or labor is required for 
the charging. washing, annealing, pickling, 
drying and other operations, nor for adjustment 
of temperature or feed. 


War-time conditions make this Rockwell labor- 
saving feature of prime importance. 
ditional Rockwell furnace advantages which 
assure uniformity of product, convenience of 
handling, accuracy of control, simplicity of op- 
eration, and comfortable working conditions 
have made these machines widely used 
throughout the war industries. 


SINCE 
1888 


CTY 


Write for Catalog 3973 


W. S. ROCKWELL COMPANY 


ROTARY ANNEALING FURNACES 


(RETORT TYPE 





FURNACES THAT SAVE 
MAN POWER fafa 















. 





And ad- 


50 CHURCH ST., N. Y. 7, N. Y. 


ROCKWELL 


9-43 
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static bend meth 
ures the force- 
relationships un 
conditions, and t} 


' which Mea 
rmation-t 
Slow bend 















lynamic be 
test, which indi S the noel 
nent set resulting from a s - 
bending force applied for g s] 


time. For this test it js desirab 
that the specimen be as large 
possible and that the radiy 
of curvature remain unifors 
throughout the test. This cap } 
achieved by the application of 
force to the apex of an isoscelg 
triangle of which the base 
clamped. A jig of this shape y 
made and specimens of foil we 
cut to this size. 
Results are 
unless the tendency of the speq 
mens to 





inconsiste 


their coile 

shape is carefully overcome ia 
Static Bend Test — The appl 

cation of continuously variabl 

small, known 


out by means of the repuls 
between a magnet and a 

through which a direct curr 
flows in the appropriate dire 


resume 


forces is carris 


tion. The force is proportiona 
the current if the coil is at a fix 
distance from the magnet 
The stressing apparatus 

sists of a small 
anced on two jewels 

the electric coil at one edge 03m worla 
means of which the platiorm cj >. 


platform | Startin 


It carrig greates 


IT 
be tilted. A rod projects ver come i 
cally upwards from the cen! Riek 
the platform and ends in a sma DOUE 
steel ball which makes conla 
with the pointed end of the speci For thi 


men. As this vertical rod is ti already 


by the force imposed by the At the 
trical coil, it presses against " ~— 
end of the specimen and benés in orde 

from its original pias Your n 


away 
position, a movement that can! 1. If. 
corrected by rotation of © 
clamp holding the base. 
Movement of th 
is observed throug 4 
scope; a movement o! 


readily detectable 
To obtain a fo! jeformal 


tat o 
that it 


curve, the zero p is | 

and a definite current is pe 

through the coil amp | 

ing the specimen ent 
By 


(Continued 


di 


that it is hitt 
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OW. Bond Selling Responsibilities Double! 


Starting September 9th, your Government will conduct the 
greatest drive for dollars from individuals in the history of the 
world—the 3rd War Loan. 


(his money, to finance the invasion phase of the war, must 
come in large part from individuals on payrolls. 


Right here's where YOUR bond selling responsibilities 
DOUBLE! 


ror this extra money must be raised in addition to keeping the 
already established Pay Roll Allotment Plan steadily climbing. 
At the same time, every individual on Pay Roll Allotment 
must be urged to dig deep into his pocket to buy extra bonds, 
in order to play his full part in the 3rd War Loan. 


tour now doubled duties call for these two steps: 
I. If you are in charge of your Pay Roll Plan, check up on 


tt at once—or see that whoever is in charge, does so. See 
ng on all cylinders—and keep it climbing! Sharply 


* 





increased Pay Roll percentages are the best warranty of suffi- 
cient post war purchasing power to keep the nation’s plants 
(and yours) busy. 


2. In the 3rd War Loan, every individual on the Pay Roll 
Plan will be asked to put an extra two weeks salary into War 
Bonds—over and above his regular allotment. Appoint your- 
self as one of the salesmen—and see that this sales force has 
every opportunity to do a real selling job. The sale of these 
extra bonds cuts the inflationary gap and builds added post- 
war purchasing power. 


Financing this war is a tremendous task—but 130,000,000 
Americans are going to see it through 100°7! This is their own 
best individual opportunity to share in winning the war. The 
more frequently and more intelligently this sales story is told, 
the better the average citizen can be made to understand the 
wisdom of turning every available loose dollar into the finest 
and safest investment in the world—United States War Bonds. 


{BACK THE ATTACK 9 With War Bonds! 


[his space is a contribution to victory today and sound business tomorrow by 


THE AMERICAN SOCIETY for METALS 
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METAL FOILS 
(Continued from page 456) 
until the pointer returns to the 
zero position and the amount of 
rotation is noted. The current is 
increased and the procedure is 
repeated. The rotation of the 
clamp is proportional to the 
deformation of the specimen, and 
hence, if this value is plotted 


against the appropriate current 
readings, a force-deformation 
curve is obtained. 

Measurements were usually 
made to about 0.5-mg. accuracy. 

Dynamic Bend apparatus had 
to be capable of introducing a 
bending deformation to the speci- 
men for a fixed time and then 
measuring the recovery of the 
specimen from this deformation. 

The specimen is also in the 
form of an isosceles triangle 








Sentry Model Y 
High Speed Steel Hardening Furnace 





SIMPLICITY 
with 


ECONOMY 


Sentry Model Y Furnaces are — 
Rapid Heating — Sturdy — Economical 
Readily adaptable to other Heat Treating Operations 


Write for Bulletin 1020-4 A 


No specially trained oper- 
ators are needed when you 


have — 
. 


A Sentry Model Y 
Furnace and Sentry 
Diamond Blocks 


—for your High Speed 
Steel Tools. You can Harden 
Any Alloy—Moly, Tung- 
sten, or Cobalt, with the 
foreknowledge that the 
tools will be —CLEAN — 
HARD—and FREE FROM 
DECARB. 





The Sentry Company 


FOXBORO, MASS., U 


>. A, 
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whose base is j 
whose flattened Apex rest 
against an appropriate car 
Deformation is set up by rotatin 
this spiral cam against the snes 
men, which bends the {jj 
known amount and quick] 
relieves the force from the sped 
men. Its subsequent behavior j 
observed by projecting the ig 
of the specimen onto a scree 
through an optical contour mes 
uring machine. 

On rotation of the cam, th 
specimen is bent, and when 
cam leaves the specimen th 
specimen is allowed to relax, 
movement being measured } 
means of a radial scale drawn 9 
the screen. 

To take a reading the clam 
holding the base of the specime 
is adjusted so that the tip of th 
specimen coincides with the z 
of the radial scale. The cam ij 
then rotated once. As soon asi 
allows the specimen to sprin 
back a stop-clock is started anf 
the reading of the tip of the spe 
imen on the radial scale is note 
after the required time interva 

Results of Tests — The behav 
ior of foils under bending 
stresses is a peculiar character 
istic of foils as such. Three va 
ables, namely, force, deformatio 
and time, are involved. TI 
mutual relationships of these fae 
tors constitute the force-deform 
tion-time surface. The suriae 
derived for bending forces can! 
applied to tensile characteristic 
in which the relationship 
between the usual types of tess 
tests can be interpreted. 

It is impossible to corre 
the dynamic type of test with t 
static type. This is because 
force-deformation-time surfa¢ 
fails to allow for the irreversil 
ity of plastic deformation. 

The thickness of the foil 
a very marked effect on ™ 
bend experiments, as it 1s reduce 
to a value in the neighborhood ¢ 
0.03 mm. (which seems t be 
critical thickness for 22e® 
eutectic foil). It is not know 
whether the same thickness } 
critical for other materials. 


i clamp - 
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WELD INSPECTION 


(Continued from page 434) 
jaws and into which the pressure 
gage is inserted. In this manner 
ve are able to prove its accuracy. 

The jaws shown in the draw- 
ing on page 434, made to our 
special requirements, permit the 
use of long specimens which 
after testing are cut off at the 


welded end, permitting re-use. In 
view of the large number of daily 
tests, the material saved alone 
in this way amounts to hundreds 
of pounds of heat treated alumi- 
num sheet. 
Because of the generous 
space within the frame members 
of this tester, we have been able 
to test a variety of other parts. 
For example, in developing a 
brazed joint handle consisting of 


a tubular section joined to a 








Do SPLIT RIVETS cause a break in your production line . . . and increase 
your costs? Don’t let them! Put in Sweden Freezer equipment now. The 
same fine equipment that has been used successfully at Boeing for many 
years. Scientifically designed for the heat and cold treatment of aluminum 
rivets—large and small. Temperature tolerance of Sweden Freezer equip- 
ment is within plus and minus 5 degrees. Elapsed time in quenching con- 
trol is a matter of seconds from high temperatures to extreme sub-zero 
points for maximum corrosion resistance. These amazing specifications 
that formerly seemed impossible to attain, are now standard with Sweden 
Freezer equipment. Sweden Freezer offers a complete control program .. . 
has the facilities to design and construct equipment to fit your needs. 


Sweden Freezer Cabinet for the 
complete control of heat and cold 


treating of aluminum rivets. 


For full details write, wire or tele- 
phone SWEDEN FREEZER COM- 
PANY, 1140 West S3rd, Seattle 7, 
Washington 








Manufacturers of 
Aluminum Alloy Heat 
Treating Equipment 


Sweden Freezer Company 





1140 WEST 53RD 
SEATTLE 7 
WASHINGTON 
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stamping, a decision Was qyj 
arrived at relative to the 
practical means of Seeein . 

In making : 


u 
jectiles In 
shell departm« 


We cold f 
or compress tO aN anne 
groove a driving band of vila 
metal. This is later she 
smooth, and ullimately eng 
the gun barre! rifling ‘whe 
projectile is fired, thus gi, 
the spin that keeps its point § 
ward during flight. This 4; 
band, which must confory 
requirements of U.S, Army: 
nance Specification 136 
straightened, cut to the r 
specimen shape, and tes 
Without correct kp 
edge of quality of the cop 


tension. 


































alloy tubing from which 
sands of bands are cut daily 
from scrap could be great. 

With such frequent usag 
these, our tester becomes pr 
cally a production machine. 

In a plant such as ours, h 
ing diversified lines of war p 
ucts containing fastenings 
electric arc, gas, atomic by 
gen, and resistance weld 
brazing, hand soldering, 
high frequency induction sol 
ing; riveting, clinching, staki 
and threading, small ports 
tensile testers are invaluable 
development work or in 
production, and for destruc 
or non-destructive testing 
to acceptance. 









Above is illustrated the progressive 
stages required to manufacture 57 
mm stee! cartridge cases. 





America’s supply of vital copper 
and zinc has been greatly con- 
served by the remarkable conver- 
sion of artillery cartridge cases 
from brass to steel. © The Corcoran 
Brown Lamp Division of Electric 
Auto-Lite Company pioneered 


this revolutionary conversion. 
Peacetime experience with H-P-M 
FASTRAVERSE metal drawing 
presses made H-P-M presses the 
preferred type for their new steel 
cartridge case shop. © H-P-M 
cartridge case presses are break- 
ing all records in the production 
of ordnance material. @ Regard- 
less of whether you are making 
ships, tanks, guns, shells or 
aircraft ...choose H-P-M 
FASTRAVERSE metal working 
presses for your production 
requirements. Write today, for 
complete specifications. 


THE HYDRAULIC PRESS MFG. CO. 
Mount Gilead, Ohio, U. S. A. 


District Seles Offices New York, Syracuse, Detroit and Chicego 
Representatives in Principal Cities 


The dependable iong life H-P-M 
eas Sore 2ek 2S Oe tr rime). 
Powers every H-P-M Hydraulic Press 




















WELDED SHIPS 


(Continued from page 448) 
Fig. 2 to Fig. 3 by substituting 
horizontal surfaces in lieu of A-B 
and E-F, and vertical surfaces in 
lieu of C-D, A-E, and B-F, giving us 
a hollow closed box. The same 
general principles still apply. Ten- 
sion set up in A-B will produce an 
induced compression in C-D and an 


induced tension in E-F and the 
rigidity necessary to transmit and 
maintain these stresses in equilib- 
rium is largely provided by the 
resistance to shear in the sides. 

It will be seen that Fig. 3 is the 
equivalent of the box type ship. In 
the case of a two-deck ship, A-B 
corresponds to the upper deck, C-D 
to the second deck, and E-F to the 
double bottom. The sequence of 
construction is usually such that 
the final welding of the upper deck 
is liable to set up a thermal con- 








an " 
Reape Metal in 


First hand opinions on AMPCO METAL 
show how to solve metal problems 


Engineers in the machine tool industry have a very high opinion 
of Ampco Metal, based on-years of experience with this 


aluminum bronze as standard material. 


They have tested it 


under actual operating conditions and proved to their satisfaction 


that it has hidden reservoirs of strength and service. 


It outper- 


forms other bronzes, stands up under adverse conditions. Today 
over 90 machine tool builders use Ampco Metal as a matter of 
course — evidence of its general acceptance by the industry. 
You also may have metal problems. Parts may be failing, caus- 
You can safely profit by the 
experience of others by applying Ampco at these vital locations. 
Ampco’s strength, hardness, and wear-resistance make it highly 
desirable for use as parts material where service is severe and 
where safety depends upon unfailing performance. 
Familiarize yourself with Ampco Metal and see how it produces re- 
sults that reflect credit on your choice. Ask for bulle- 
tin, ‘‘Ampco Metal in Machine Tools.’’ Free on request. 


AMPCO METAL, INC. 


ing costly production delays. 


DEPARTMENT MP-9 


MILWAUKEE 4, WISCONSIN 


METAL WITHOUT 
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traction, thus induci; 
sion in the second 
stresses may be serioy even if » 
further stresses come the str, 
ture, but when combined with 1} 
normal bending stress; “a 
way or even in still water. it is not 
surprising that failure may ensue 

Several observations may \, 
made in this regard: _ 

1, The locked-up and Servic, 
stresses in the upper deck in ¢, 
hogging condition are additive. 

2. The locked-up compressiy, 
stress in the second deck wil! pre- 
vent that deck from Carrying te; 
sile stress in the hogging conditj 
until sufficient bending has taker 
place in the hull to bring the plat. 
ing into tension, 

3. The effect of induce 
compression in the second deck 
will be to increase the tensile stres 
which the upper deck must carr 
In fact, until the compression 
the second deck has been reduced 
to zero the vessel must be regarded 
as a single-deck ship in its resist 
ance to longitudinal bending. 

4. The induced compression j 
the second deck will tend to pr 
duce buckling, and if buckling 
occurs it is likely to coincide j 
longitudinal position with the ir 
dence of locked-up tension in tl 
deck above. The marked tendency 
of the ends of a welded ship to lift 
from the ways during constructi 
indicates the magnitude and nat 
of the forces at work. 

5. Stress transmission betwe: 
the upper deck and the side she 
will augment the load carried |! 
the sheer-strake and stringer c 
nection, the welding of which calls 
for special consideration in rel 
tion to peak loads in the hogging 
condition, 

6. The reaction tension in U 
double bottom (keel, bilge, an 
tank top) will normally be consic 
erably less than the tension tn U 
upper deck (equating moments 
about the second deck). Therefor 
the double bottom may be expecte¢ 
to function with reasonable ef 
ciency in both the hogging and the 
sagging condition. 

7. The upper deck, in 
ging condition, cannot develop ® 
compression stress until the tensic 
therein has been reduced to zero. 

8. The neutral axis in a seawa) 
will be in a state of vertical oscilla 
tion relatively to the keel. 

9. The hull deflection 
erate conditions of load): 
locked-up stresses are | 
greater than anticipated 

(Continued on pag 
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Photo by “U.S. Army Signal Corps” 


Why are Americans the World's best marksmen? 





No, gentlemen! It isn’t because we 
make the fixtures that prevent distortion 
of rifle barrels during heat-treatment! 


We think we make the best fixtures 
money can buy. 


But we don’t think for a minute they’re 
winning the war! 


That’s the job being done by our valiant 
fighting men on far-flung battle fronts 
all over the world. 


lf our fixtures help assure the production 


of the best rifles that can be made, Chsunte® cutie to heathens 


then thank God for that. ment of rifle barrels—another D-H 
fixture designed to help speed war 


production. 








“Trade mark reg. U. S. Pat. Off. 


DRI\ /ER-HARRIS COMPANY 


"ALLOYS ARE HARRISON, NEW JERSEY 


VITAL T CHICAGO: 1138 W. Washington Boulevard SAN FRANCISCO: 235 San Bruno Avenue 
Vv . ten OGices LOS ANGELES: 445 South San Pedro Street CLEVELAND: 7016 Euclid Avenue 
ICTORY - DETROIT: 638 New Center Building SEATTLE: 2122 Fourth Avenue 
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; 10. . the change-over point even after making full glows 
vetween hogging and sagging, in for other factors. snect re 
WELDED SHIPS association with a sudden move- but equally import — 
ment of the neutral axis, there will have occurred from time to Sine 
os be a sudden increase in the time on the stocks, in still water ona .. 
(Continued from page 468) rate of change of hull deflection. sea. Calculations made , a 
reduction in effective moment of This “snap” effect is important in Liberty all-welded ship i Me 
resistance. On the other hand, the relation to the impact values of the the effect of an induced compp 
deflection associated with incipient plating and weld metal. sion in the second deck or 
local fracture will be much less The Schenectady broke in two itself cause an increase in the aa 

than anticipated owing to the in still water with a calculated inal service stress on the up 
reduction in the margin of safety. maximum stress of 10,000 psi., indi- deck of the order of 30%, a 


This, in a sense, is equivalent to a cating the presence of locked-up from the numerical values 
“reduction in flexibility”. stresses of considerable magnitude, locked-up stresses and stress rj 
ers. Incidentally, an inspection of 
major fracture on one of these ves. 
sels revealed that the fractyr 
which started in the upper dec 
under tension, entered the second 
deck in way of a pronounced trans. 


Uniform Temperature+ High Capacity with k in w : 
verse buckle, the crack running sig. 


nificantly up the trough of th 
IRS Salt Bath Furnaces §Ri Se 





Locked-up stresses are no 
unknown in riveted ships, and are 
equally undesirable, but as a rub 
are better understood and mor 
easily remedied. 

In new welded ships the pre 
vention of major locked-up stresses 
should primarily be the responsi- 
bility of the structural designer. 
Correct design should make it 
immaterial whether or not a given 
welding procedure or type of weld 
ing machine may tend to caus 
locked-up stresses. There are ways 
of insuring safety without impair 
ing the efficiency of the structure 
against service loads or impeding 
production. For example, 3 
locked-up stress can be prevented 
by introducing a transverse line or 
lines of rivets. If there is any doubt, 
a complete transverse belt of rivet- 


~ ——————————eee 


R-S pioneered in the development of Salt Bath 
Furnaces for the heat treatment of aluminum 
alloy parts. Some of these installations have 
been in continuous operation for fifteen years 
or more. 

The exceptional results obtained in tempera- 
ture uniformity with the consequential uniform 
physical properties, have convinced 
such customers that these furnaces 
have no equal for heat treating alum- ing can be arranged right across 
inum. : the ship at a convenient statio! 





High capacity with minimum floor Since in most cases the action stress 
space is also an important consid- 
eration. 

If you need additional facilities for 
heat treating aluminum aircraft parts 
or stampings, we shall be glad to 
submit detailed information on the 
equipment required. 

FURNACE DIVISION 


R-S PRODUCTS CORPORATION 
128 Berkley Street - Philadelphia, Pa. 





PLATE AND ANGLE HEATING 
© METAL MELTING ° 
ONTINUOUS CONVEYOR 


BUY WAR BONDS 
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resides in the upper deck, it 
prove a sufficient precaution to cot 
fine this band of riveting to the 
upper half of the structure 
It would obviously be wrong ! 
regard such an arrangement as 
expansion joint, for it is essentia)) 
a means of stress relieving. | 
effect of a completely riveted sheer 
strake to stringer connect 


be very similar and should be 0 

quate if confined to the amics)i) , 
half-length. Any such rivet! g 
should always be com] leted last. \ 


"ont 


At least one important 0 
nental shipyard employs the ™ 
eted belt amidships all welded 
vessels, including warships, this HW f 


particular shipyard haying adopted 
this construction as result , 
th welded Biun rox 


practical experience 
ships over a number 


years. 6 TED STRIP 


uNDAMENTAL S 
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Textiles and the machines to make them ushered in the industrial revolution For 


centuries the wooden spinning wheel, clumsy and laborious, produced homespun for 
the yeoman and labourer and fine silks and satins for the rich. Modern mechanical 
engineering was born with the invention of the machines to spin and weave and 
with the engines required to drive these frames and looms. Tools of steel became 


necessary to shape and to fashion in quantity these instruments of the great textile 
THE UNITED ) 1 & 


r industries. Thus grew the art and practice of steel making with its wealth of 
\ materials of special quality for making every kind of complex mechanism. Without 
' steel it would not be possible to produce the great variety of woven fabrics 


COMPANIES (TD now available and essential to the needs of civilised man. 


HE UNITED STEEL COMPANIES LIMITED 


17, WESTBOURNE ROAD, SHEFFIELD 10, ENGLAND. 
ER, SHEFFIELD APPLEBY-FRODINGHAM STEEL CO. LTD., SCUNTHORPE THE ROTHERVALE COLLIERIES, TREETON 
'D., SHEFFIELD WORKINGTON IRON & STEEL CO., WORKINGTON UNITED COKE & CHEMICALS CO. LTD, 
LLS, SHEFFIELD THE SHEFFIELD COAL CO. LTD. THOS. BUTLIN & CO. WELLINGBOROUGH 


wm USP ‘5 
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NEW PRODUCTS 


Distributors for Roto-Finish 


The Sturgis Products Co., Stur- 
gis, Mich., manufacturers of Roto- 
Finish and other mechanical 
finishing supplies and equipment, 
announce the following firms as 
distributors for their products: 
Wagner Bros., 1249 Holden Ave., 
Detroit; Frederic B. Stevens, Inc., 
510 Third St., Detroit; MacDermin, 
Inc., Waterbury, Conn.; Munning & 
Munning, 202 Emmett St., Newark, 
N. J.; Crown Rheostat & Supply Co., 
1910 Maypole Ave., Chicago; Geo. 
A. Stutz Mfg. Co., 1641 Carroll Ave., 
Chicago; Lasalco, Inc., 2820 La- 
Salle Ave., St. Louis; Sommers 
Bros., 3439 N. Broadway, St. Louis; 
W. M. Fotheringham, 977 Niagara 
St., Buffalo; W. D. Forbes Co., 303 
Washington Ave., N., Minneapolis; 
The Reynolds-Robson Supply Co., 
4623 Paul St., Frankford, Philadel- 
phia. 


3-in-1 Heat Treating Unit 


High speed heat treating unit 
with three pots ranging in tempera- 
ture from 1000 to 2350° F. is offered 
by the A. F. Holden Co., New Haven, 
Conn. Among advantages claimed 
for this Type 230 unit are: No scale 
at any temperature; tools hardened 
with minimum diameter change re- 
gardiless of temperature; uniformity 
of hardness and heating on thin or 
heavy sections. Illustrated below. 


Precision Surface Plate 


Manufactured by the Herman 
Stone Co., Dayton, O., for inspec- 
tion, tool room and production de- 
partments. Made of natural granite; 
will not rust, corrode or warp. 
Finished to 0.0001 in. over-all. 


Cut and Twisted Fintubes 


“Cut and twisted” Fintubes have 
been added to line offered by Brown 
Fintube Co., Elyria, O. This re- 
sistance- welded, integrally-bonded 
tube provides the heat radiating 
or absorbing capacity of from 6 to 


10 ft. of plain bare tube. When fins 
are cut and twisted as shown in the 
view, a much greater turbulence is 
produced on the liquid passing 
through the shell. Thermal efficien- 
cies are therefore increased up to 
50% in sectional hairpin and other 
types of heat exchangers. 


Circular Division Tester 


Introduced by Engis Equipment 
Co., 310 S. Michigan Avenue, Chica- 


go, it comprises a master circle 
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unit and a microscope unit, sui 
for checking spacings in 

camshafts and similar parts. Ip 
the master circle is attached to 
part to be checked, centered ig 
mount by means of radial adjus 
screws and precise dial indie 
a groove around the periphery 
the master circle. This groo 

adjacent to a silver band accu 

graduated to degrees and sixths. 


“Fuel Oil and Its Combustion 


A new booklet prepared by 
research department of North An 
ican Mfg. Co., 2910 E. 75th St 
Cleveland. Crude oil constitu 
and classification, crude oil pt 
essing, properties of fuel 
oil combustion are discuss 
fered by North America 
postpaid. 


Laboratory Furnaces 


Complete new line of labor 
furnaces, new in appeara 
construction, has been dev 
by the Lindberg Engineering ‘ 
2444 W. Hubbard St., Chicag 
Ill. Line includes box fer 
combustion tube, crucible fura 
and hot plates, patterned, in 

(Continued on page #80 
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KEEP ON BUYING * 
s. WAR BONDS AND STAMPS 











Problems relating to mechanical handling 
in chain type furnaces can best be solved by a study of each 
individual requirement. As one of the World’s oldest pro- 
ducers of heat resisting alloys, we offer practical and reliable 
knowledge gained through years of experience covering de- 

MISCO ALSO PRODUCES sign, manufacture, and application of all types of chain for 


Furnace Parts . Roller Rails . Conveyors . high temperature service. 
tays . Retorts . Conveyor Rolls . Walking 

. Conveyors. Carburizing and Anneal- 

~ Boxes Dipping Radhete « Cranide and You are invited to consult our engineers on any 

- a : Rolled Thermocouple Protec- 
ubes - Centrifugal Castings and Mis- 

~ eous Castings for use at high temper- 
or under corrosive conditions. 


LIGAN STEEL CASTING COMPANY 1999 Guoin Street DETROIT ae MICHIGAN 


problems relating to the use of chain at high temperatures. 





ul I SS 0) One of the World’s Pioneer Producers of Heat and Corrosion Resistant Alloy Castings 


Corrosion 


mt Alloys 
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NEW PRODUCTS 
(Continued from page 478) 
respects, after the firm’s production 
furnaces. They incorporate con- 
venient door operating mechanism; 
low voltage, high temperature heat- 
ing elements; Lindberg input con- 
trol for smooth, stepless apportion- 
ing of heat; clean, streamlined 
shape which matches other modern 
laboratory equipment as well as 
contributing to a high standard of 


laboratory cleanliness. Available in 
different sizes for operation on 110 
or 220 volt, A.C. or D.C. 


X-Ray Film File 

Filing cabinet for X-ray film, 
built largely of wood and obtainable 
without a priority, is offered by 
General Electric X-Ray Corp., 
Chicago 12, Ill. Each of three draw- 
ers holds approximately 600 films 
in negative preservers, and is 
divided into five compartments so 
that films are held upright. Overall 
dimensions are 23% in. wide, 28 in. 
deep, and 55 in. high. 
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H. BOKER & CO., Inc. 
101 DUANE ST. @ 





-» To Coast 


The Talk of the Machine Shops Wherever 


Boker's Tool Steels NG, S tisf, yu 

are used ----... hey . 
'6-6-2 Tungsten 

TWIN MO file 
| High Speed Steel. 
) chrome, air hard- 
jening bar steel 


For over 105 years we 
have served the industry 
and we are proud of it. 


| 18-4-1 Type High 
Speed Steel. 


(High carbon, 


‘and castings. 













NEW YORK 
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15 KW Tocco Junior 
New, highly 
put, Tocco Junio: 
machine is annoy 
Crankshaft Co., ©) 
A small and con 


Xible 15-ky, o 
n duction heati 
ced by the 9 
eveland 1, 


act 9600-cyq 






high-frequency unit, it is | 
enth model in the ec 
“Junior” line. Can be ad 
brazing, annealing, heat tr: 
heating for forging and su 
hardening of small and l. 
sized parts. 


Odors Removed From Paint 






Effective with brush . 
operation, a small qua * 
Ridsmel, liquid paint 3 
may be mixed with any p 
nish or enamel, elimi 
usual odors completely. Tes! 
tities offered by Holley ‘ 1. 
Co., 125 E. 25th St., New } 
Searchray 5 

Electronic Searchray 
complete in modernisti ‘ 
announced by North Ame! . 


Philips Co., Inc., Dobbs Ferry,» 
is a simple, compact 4%-ra) 
which can be operated sali 
unskilled personne! for any © 
tion for which X-ray inspectio 
desired. Marketed by the comp 
industrial electronics divisio® 
419 Fourth Ave., New York. 





























Glass Lined Tanks 















Replacement of worn-out eq 
ment is a major gears 
sate $ 

with many spec materia 














J] repair } 
g, dipping § 


scarce, even for s 
Metal tanks for p! 


: , sane $84 
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TO MEET YIELD STRENGTHS 
WITH WARTIME STEEL 


_without undue stresses 








...the SALT BATH QUENCH 


If you’re having trouble with lean alloy steel hardening—cracks, dis- 





tortion or strains—try the salt bath quench. 


You’ll find that maximum physical properties can be developed 





ADVANTAGES: 


. HOUGHTO-QUENCH NE 


possesses a rapid quenching 
speed through the critical 
zone from 1300° to 1000° F. 


. It has a low melting point. 


_ It is a fluid, low-viscosity 


salt having high thermo- 
conductivity. 


. It is stable... non-sludging 


.. unharmful to the sur- 
Jace of steel. 


5. thas minimum carry-away 


losses. 


. It is easily cleaned from the 


Steel 








safely by quenching in an agitated, fluid salt bath at 
400°F. or slightly above. Parts are held in the bath 
until temperature is equalized throughout, then 
cooled in air. If the critical cooling rate has been 
exceeded, full hardness will be obtained. 

This process, which has been named ‘‘Martemper- 
ing’’, is now being used in a number of plants, 
including such installations as A. P. Shot. For it, 
Houghton has developed HOUGHTO-QUENCH NE, 
a special salt bath material of low melting point and 
high fluidity. For full details, write 


E. F. HOUGHTON & CO. 


PHILADELPHIA 


SAN FRANCISCO e DETROIT 


CHICAGO ad 


skoleked mae), a 


SALT BATHS 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





METAL WORKING e FABRI- 

CATION 

Powdered metal presses producing 
millions of metal parts illustrated in 
catalog by Kux Machine Co. Bulle- 
tin 1 

Forging presses. 
Bulletin 2. 

Horizontal extrusion 
Hydropress, Inc. Bulletin 3. 

36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin 4. 

Cutting Oils. Cities Service Oil Co. 
Bulletin 5. 

Cutting Oil Handbook. D. A. Stuart 
Oil Co. Bulletin 6. 

Presses for Powder Metallurgy. 
F, J. Stokes Machine Co. Bulletin 7. 

Properties and uses of cutting oils. 
Gulf Oil Corp. Bulletin 8. 

“Dag” colloidal graphite as a high 
temperature lubricant. Acheson Col- 
loids Corp. Bulletin 248. 

Information and data on straight- 
ening press. Anderson Bros. Mfg. Co. 
Bulletin 10. 

Forty different ways to cut ma- 
chining costs. Continental Machines, 
Inc. Bulletin 11. 

Properties, applications and use of 
hard-facing rods. Coast Metals, Inc. 
Bulletin 249. 

Surface coated abrasive belts. Min- 
nesota Mining & Mfg. Co. Bulletin 12. 

Presses for the metal working and 
process industries. Hydraulic Press 
Mfg. Co. Bulletin 20. 


Ajax Mfg. Co. 


presses. 


Handbook on aircraft riveting. 
Cherry Rivet Company. Bulletin 14. 

Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 15. 

265-page textbook covers tech- 
niques used in contour machining, 
laboratory controls in manufacture 
of precision saw bands. Doall Serv- 
ice Co. Bulletin 16. 

New catalog illustrates standard, 
non-standard, and _ special tools, 
shows prices of tools and blanks. 
Kennametal, Inc. Bulletin 250. 

Mounted wheels, Handee and Hi- 
Power tools. Chicago Wheel & Mfg. 
Co. Bulletin 21. 

20-page booklet on cutting fluids. 
Tide Water Associated Oil Co. Bul- 
letin 252. 

Many applications for the Norton 
open structure grinding wheel are 
shown in leaflet issued by the Norton 
Co. Bulletin 253. 

Air tools in steel mills and found- 
ries are pictured in new booklet by 
Ingersoll-Rand. Bulletin 255. 

Parsons oval bag dust arrestors are 
described and 12 advantages listed 
in folder issued by Parsons Engi- 
neering Corp. Important advantage 
is reclamation of valuable dust. Bul- 
letin 228. 

Illustrated booklet describes hand 
stoning of metal cutting tools. Behr- 
Manning Corp. Bulletin 304. 

New Wheel Speed Table will inter- 
est those engaged in polishing and 
buffing. Recommended speeds are 
shown in red. Divine Brothers Co. 
Bulletin 310. 


ae oe aut 
is described in new 8-page jj} 
bulletin showing Ham:nond Meat! 
ery Builders’ rotary table automatics 
Bulletin 311. - 
Big, comprehensive catalog ; 
trates line of power presms same 
by Minster Machine Co. Bulletip 326 
Complete and valuab ' 
“Machining of Metals” including 
chip formation, is offered by Na 
tional Refining Co. Bulletin 335, 


FERROUS METALS 
Machinery steel selector has 
issued by the Elastuf group Be 
includes Horace T. Potts, Brows 
Wales and Beals, McCarthy & Rogers, 

Bulletin 256. 

Aircraft steels, bearing steels 
Rotary Electric Steel Co. Bulletin % 
_ Steel Data Sheets. Wheelock, Low. 
joy & Co. Bulletin 25. 


Molybdenum wrought Stee. 
Molybdenum Corp. of America. Bu. 
letin 26. 

Chemical analyses, shapes and 
sizes of Joslyn stainless steel prod 
ucts are presented in extras and 
deductions booklet just issued by 


atic finishing 


— Mfg. and Supply Co. Bulletin 
» 


Free Machining Steels. Monarch 
Steel Co. Bulletin 30. 
Tool Steels. Bethlehem Steel Co. 


Bulletin 31. 
Die Steels. Latrobe Electric Steel 
Co. Bulletin 32. 
Enameling iron 
Steel Co. Bulletin 33. 
Loose-leaf reference book on mo 
lybdenum steels. Climax Moiybde 
num Co. Bulletin 35. 


sheets. Inland 





Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 486, 490, 492, 4% 

496, 498, 500, 502, 504 and 508 
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X-rays and other physical tests have shown 
that this Mazlo Magnesium casting is sound; 
proved that molding and casting practices 
are right for this piece. Now our layout man 
checks it. When he adds his “O.K."” you 
know the dimensions are accurate, that cores 
are correctly placed, and that it will machine 
exactly as your designers planned it. 

More than twenty years’ experience in 
working with magnesium contributed to 
the fine quality of this casting. Where to 
place gates, chills and risers to assure a 
sound produet, how to pour the metal, 
what heat treatment to bring out the best 
properties of this alloy; these are things 
that doing, learning and improving have 


MAGNESIUM 





taught American Magnesium foundrymen. 

Daily, tons of Mazlo Magnesium castings 
are being shipped to manufacturers of fight- 
ing equipment by American Magnesium 
foundries. Their lightness, high strength and 
dependability are helping produce safer, 
faster airplanes for our flyers. 

The same properties that make magnesium 
castings, forgings, extruded shapes and sheet 
indispensable today will also make them 
extremely valuable in your postwar products. 
Information is available which will help 
your engineers plan to use the lighter weight 
of magnesium to the best advantage. Sales 
Agent: Aluminum Company of America, 1706 
Gulf Building, Pittsburgh, Pennsylvania. 
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AMERICAN MAGNESIUM 
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NEW PRODUCTS 


(Continued from page 480) 
coating processes are _ therefore 
steadily being replaced with glass 
tanks, according to officials of the 
Pittsburgh Plate Glass Co., Pitts- 
burgh, and existing tanks are being 
relined with glass. “Carrara” struc- 
tural glass linings are suitable for 
pickling processes, and have been 


installed at several of the nation’s 
largest manufacturing plants. At 
one factory, large reflectors for war 
use are being dipped in glass-lined 
tanks 8 ft. long and 8 ft. deep, and 
a leading manufacturer of wire 
products has just installed glass- 
lined dip tanks. Carrara structural 
glass is impervious to acids, alkalis, 
chemicals, and liquids of almost 
any kind. It is non-absorptive and 
non-porous, and will not rot. It is 
tempered to resist thermal shock 
and is obtainable in opaque or 
transparent heavy plate. 





Detroit Furnaces 


BOOST PRODUCTION WITH LESS LABOR 


Another well-known characteristic 
of a Detroit Rocking Electric Fur- 
nace is its high rate of production 
per man-hour. With a Detroit Elec- 
tric you can produce as many as 
eight ferrous heats or sixteen non- 
ferrous heats in one eight-hour 
shift. And you pour these heats 
with a minimum of dirt, fumes and 
hard work. Because of their clean 
operation, ease of control and 
automatic features, Detroit Furn- 
aces give you precise metallurgical 
results. They can produce in quan- 





TRIC FURNACE DIV 





KUHLMAN ELECTRIC 


tity (up to 4 tons per heat) any de- 
sired analysis. 

For cleanliness and ease of oper- 
ation, for precise metallurgical re- 
sults—and for lower scrap losses, 
better 
greater production speed, it will 
pay you to operate Detroit Rock- 
ing Electric Furnaces. 


ELECTRIC FURNACES 


all-around castings and 














CO.;, BAY CITY, MICH 
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Die Casting Machines 


With the purch f the G. 4 \ 
Mfg. Co., the Cley d Automa: 
Machine Co., 2269 hland Ro, 











Cleveland, has added a line of } 
pressure, hydraulic di; Casting 
chines. G. & N. n ines opera 





safely at extremely 
Patented toggle mecha 
ited with a locking 





gn pressure 






ISM 1S ers 







pressure 
wards of 800,000 |) Georg 
Collier, director of Cameo sales f 
several years, now is general 





Sales 


manager of the combined diyisj 






Electrode Replacements 
Eliminated 





Advances in design of salt bas 
furnaces eliminate all necessity | 
changing electrodes, according } 
Upton Electric Furnace Diy.. 7 
Melville, Detroit. Secret of the ; 
“sealed-Electrode” design is j 
method of sealing ths 










elect: 












through the sides of the fu 
they can be immersed in the 
at the extreme bottom of th 
yet none of the heated 
exposed to the air. Since 
90% of the electrode trouble | 
to oxidation of the exposed ! 
portion, the chief source 
trode trouble is thus ell 










Control of Welding Heat 
With three electrod> 
(low, medium and high voltag 
new calibration plat 1imed 
give exactly the right 
the arc for each elect: 
announced by Harnis« 
Milwaukee. Calibrated ul 
the new “Visi-Matic’ 
used with any make 
It provides for all 
direct current amper 
coincident to using la 
range of coated ele« 
its single current ¢ rol 
proper selection of 
to the simplest for! 


































Temperaturesto 2500 F. 
Carbon determinations 
Sulphur determinations 
Stondord combustions 
Organic analyses 


& Lindberg presents a NEW, precision 
controlled Combustion Tube Furnace with 
temperatures up to 2500°F. in use for the new, 
2 minute volumetric method of carbon and 
sulphur determinations, standard combustion, 
ganic analyses, etc. The high temperature 
range is equally applicable and desirable for 
gravimetric carbon and sulphur determina- 


tions, especially on high alloy steel. 


LINDBERG 


Well-known Throughout the World as the Leaders 
in Developing and Manufacturing Industrial Furnaces 


LINDBERG ENGINEERING COMPANY 


2450 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 
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Combustion Tube Furnace 


This sturdy unit is constructed of courses of 
high temperature fire brick and insulating 
slabs encased in a heavy sheet steel shell. All 
wiring and terminal connections are fully cov- 
ered and are easily accessible for maintenance. 

The furnace shown above has a heating 
chamber 1°8” diameter by 12” long. Low volt- 
age, high temperature type Globar elements 
are employed for maximum temperatures of 
2500°F. and the heat is regulated by a built-in, 
variable voltage transformer with a power in- 
put of 1500 watts. These furnaces are complete 
with indicating pyrometers. 

Like all other Lindberg Laboratory Fur- 
naces, the clean streamlined shape of the Com- 
bustion Tube Furnace contributes to the high 
standard of laboratory cleanliness. 

Write or phone your regular laboratory 
equipment dealer for further information. He 


will be glad to serve you. 





SOLD EXCLUSIVELY THROUGH LABORATORY EQUIPMENT DEALERS 
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saves priceless CUTTING TOOLS 


CURRENT SHORTAGES in cutting tools are so “fraught with 
danger to the war program” that the War Production Board 









has issued an appeal for drastic conservation to the entire 






metal industry. 






The machining of imperfectly cleaned castings, forgings and 






heat treated parts—those having minute grains of sand 






burned into their surfaces, or hardened scale still clinging to 






their heat treated surfaces—makes one cutting tool extrava- 






gance that industry can easily, and quickly, eliminate. 






A blast cleaned part—produced by Pangborn Air Blast or 
Rotoblast equipment—is cleaned down to virgin metal. No 






sand or scale is left to destroy cutting tools—hence extra 






long life for those priceless items. Blast cleaning also dis- 






closes flaws and fissures that otherwise would not be noticed 






until after machining operations had gotten well along the 






way. These two savings alone often repay the cost of blast 






installations in a short time. 


Airless ROTOBLAST Barrels, Tables and Special Machines are 
available for most work—and Air Blast Rooms and Cabinets 






for unusual or heavy work. Catalogs on request. 


SAVE YOUR CUTTING TOOLS! 
BLAST CLEAN WITH “PANGBORNS” 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 


PANGBORN CORPORATION - HAGERSTOWN, MD. 
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WHATS NEW 


IN MANUFACTURERS Ly ERATUR 




















Re 





Stainless steel. Allechen 
Steel Corp. Bulletin 37. 

Low carbon open hearth Case car 
burizing steel. W. J. Holliday ¢ 
Bulletin 38. ; , f 

Aircraft Alloy Steels Jose g 
Ryerson & Son, Inc. Bulletip ty ! 
_ Kinite alloy tool steel bar st ck ar 
its easy handling in heat treatme, j 
are described in leaflet by H. Boke 


Y Ludluy 


& Co., Inc. Bulletin 258. 

New Catalog C makes it easy ; . 
International Nickel Co. literatyr: ’ 
it presents brief description and jp 
dex to a wide variety of booklet 
Bulletin 305. 

“Graphitic Booklet’ gives co: Dietd 
information on new, free-machinip 
long-wearing steel, offered by Ste 
& Tube Div., Timken Roller Beariy 
Co. Bulletin 307. 


Copperweld Steel Co. announce 
new 48-page handbook on their | 
steels. Feature of book is section 
descriptions, working suggesti 


and demonstration photographs fo 
the ten Coppco tool steels Bulletiz 
309. 

Spark Testing Guide—a 21 
wall chart—is useful in segregati 
tool steel scrap, unscrambling mixe 
stocks and checking identity of t 
steel before heat treatment. | 
ter Steel Co. Bulletin 312 

HWD hot work die steel and St 
ling stainless steels are described it 
four new leaflets by Firth-Ster! 
Steel Co. Bulletin 323 

New booklet gives full infor 
on N-A-X high tensile and N-A-\ 
9100 Series of alloy steels t 
Lakes Steel Corp. Bulletin 328 

Spindle speed calculat I 
chart to figure machining 
bar steels. Bliss & Laugl 
Bulletin 333. 

New handbook on 
how and why to use various | 
stainless steel is offered I 
Iron and Steel Corp. Bullet 

Attractive new cata 
the line of steel offere: 
sular Steel Co. Bulletin 


NON-FERROUS METALS 


Reynolds Metals Co. has issuec 
color charts showing ! arkit g 
identification of wrought alu! 


. 


\ 


. 


cle 








alloy products, rod, bar, tubing 4 
shapes, and for alun 
sheet. Bulletin 294. , 
Platinum Metal Catalysts. Baker * 
Co., Inc. Bulletin 41. 
Die casting equipm 
Phoenix, Inc. Bulletin 4 
Bronze. Frontier B Z 
Bulletin 44. 
. 
Use Handy Coupon on Page *- 
for Ordering Helpful ‘steretere 
Other Manufacturers ieocatare 
Listed on Pages 482, 4 492, ” 
496, 498, 500, 502, 5 nd 308 
ha 





Roto-Finish Embraces 5 Operations for Small Parts 


1____> DEBURRING 
\ 


2 ZONING 


a 











* All the various sizes and shapes of parts 
illustrated were processed by a Roto-Finish 
method. This shows only the range of small 
parts which Roto-Finish will uniformly and 
economically process. Large parts weighing 
up to 75 pounds are being Roto-Finished in 
defense plants today. 





« 


This modern, proven method not only re- 
moves burrs, fins, tool and die marks, and 
other surface defects, but it also turns the 
parts out with a finish which is comparable 
to the best hand finished operations. 


a 


Let us demonstrate what Roto-Finish can do 
to help put your processing of parts on a 
profitable production basis. 


i *Send us a number of your parts. We will 
Roto-Finish them without cost or obligation- 


7 


GRINDING 


to you, returning them with complete data 
as to equipment and materials used, labor 
costs, time consumed, etc. 


* Compare Roto-Finish costs with the costs of 
your present methods. 


* The following list shows the distributors 
geographically located to best serve your 
interests: 


Wagner Bros., 1249 Holden Ave., Detroit % F. B. Stevens. 
Inc., 510 Third St., Detroit y MacDermid, Inc., Waterbury. 
Conn. yx Munning & Munning, 202 Emmett St.. New- 
ark, N. J. ye Crown Rheostat & Sup. Co., 1910 Maypole 
Ave., Chicago ¥% Geo. A. Stuts Mig. Co., 1641 Carroll Ave.. 
Chicago ¥& Lasalco, Inc., 2820 La Salle Ave., St. Louis % 
Sommers Bros., 3439 N. Broadway. St. Louis y% W. M. 
Fotheringham, 977 Niagara St, Buffalo y% W. D. Forbes 
Co., 303 Washington Ave., N.. Minneapolis y% The Rey- 
nolds-Robson Sup. Co., 4623 Paul St., Frankford-Philadelphia. 


| Write for our new folder which fully describes the many 





THE STURGIS PRODUCIS CO. 


advantages of Roto-Finish both in war, and peace-time. 








PHONE 717 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Handy & Harman has issued a re- 
vised edition of their general catalog 
on Sil-Fos and Easy-Flo brazing 
alloys. Bulletin 43. 

Copper Alloys. American Brass Co. 
Bulletin 45. 

Aluminum Castings. National 
Bronze & Aluminum Foundry Co. 
Bulletin 46. 

Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 
cast cavities. Cerro de Pasco Cop- 
per Corp. Bulletin 47. 

Brass and bronze castings. Ham- 
mond Brass Works. Bulletin 48. 

Reference on properties of lead. 
St. Joseph Lead Co. Bulletin 49. 

6th edition of Revere Weights and 
Data Handbook. Revere Copper and 
Brass, Inc. Bulletin 296. 

Catalog of brass, bronze and iron 
alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin 56. 

Dowmetal data book. Dow Chemi- 
cal Co. Bulletin 51. 

80-page Duronze Manual, well in- 
dexed for reference, presents data 
on high strength silicon bronzes. 
Bridgeport Brass Co. Bulletin 52. 

Forgeable tin-free bearing metal. 
Mueller Brass Co. Bulletin 53. 

Surface protection for magnesium. 
American Magnesium Corp. Bulletin 


Rare metals, alloys and ores. Foote 
Mineral Co. Bulletin 56. 

Brazing Booklet. Westinghouse 
Elec. & Mfg. Co. Bulletin 57. 

“The Story of Magnesium,” illus- 
trated booklet by the Permanente 
Metals Corp. Bulletin 261. 

Two new Ampco Metal data sheets 
discuss forging Ampco to improve 
physical characteristics and use of 
Ampco for non-scratching feed fin- 
gers. Bulletin 314. 


WELDING 


“Sureweld” protected arc elec- 
trodes. Hollup Corp., division of 
National Cylinder Gas Co. Bulletin 
58. 


Welding Stainless. Page Steel & 
Wire Div., American Chain & Cable 
Co., Inc. Bulletin 59. 


Chart explains how to select proper 
flux for every welding, brazing and 
soldering job. Krembs & Co. Bul- 
letin 60. 


Electrode quantity and welding 
time graph. Arcos Corp. Bulletin 61. 


Oxy-acetylene welding and cutting. 
Linde Air Products Co, Bulletin 62. 


Sciaky radial portable welder. Sci- 
aky Brothers. Bulletin 63. 


Flexarc A-C welders. Westing- 
house Electric & Mfg. Co. Bulletin 64. 


Data book facts on spot, seam and 
flash welding ferrous and non-fer- 
rous metals and alloys. P. R. Mal- 
lory & Co., Inc. Bulletin 65. 


Welding and brazing of aluminum, 
a new data book issued by Alumi- 
num Co. of America. Bulletin 66. 


Shield Arc electrodes. McKay Co. 
Bulletin 67. 

New advances in 
equipment design. 
Corp. Bulletin 68. 

Nu-Braze No. 4, an improved silver 
brazing alloy. Sherman & Co. Bulle- 
tin 288. 

New “200” welder is described by 
AHis-Chalmers in Bulletin 260. 

New JR shape cutting machine is 
described by National Cylinder Gas 
Co. Bulletin 233. 

New 12-page booklet tells how to 
fabricate fittings for welded piping 
by means of flame-cutting and weld- 
ing. Air Reduction Co. Bulletin 234. 


Atomic-hydrogen arc welding, its 
application and use, is described by 
General Electric Co. in new Bulletin 
241. 


Welding alloys and metals on 
which they should be used are 
shown in helpful chart form by 
— Welding Alloys Co. Bulletin 
242. 


arc welding 
Harnischfeger 


32-page catalog 
welding equipment offered by 
tor Equipment Co. Bulletin 25, 

Advantages and physi 
a of “No-Wear”, a harg 
material. Callite Tungste ; 
letin 251. “Ts 

Hard Facing Alloys. Wall 
Corp. Bulletin 29. 

20 pages of useful information 
electric arc, spot, projection 
hydrogen, gas, flash and seam 
ing of stainless steel. Republic § 
Corp. Bulletin 306. 

_New 500 lb. capacity Welding 
sitioner for light welding jobs js 
scribed by Ransome Machinery ¢ 
Bulletin 313. 


Two new hard-facing alloys 
nished as welding rods for applig 
tion by Oxy-Acetylene process 
described by the Stoody Co. ip § 
letin 325. 


TESTING & CONTROL 


SR-4 strain gage and illustratig 
of its many uses. Baldwin Sq 
wark. Bulletin 70. 

New book contains wealth of p 
tical, usable information on ind 
trial inspection by x-ray. West 
house Electric & Mfg. Co. Bulletin? 

X-Ray Diffraction Unit. Geng 
Electric X-ray Corp. Bulletin 72. 

Metallurgical polishing equipme 
by Tracy C. Jarrett. Bulletin 29, 

Radiographic identification of 
atives with lead markers. H. 
Knight & Son, Inc. Bulletin 74. 

Electric heaters and controls 
industrial and laboratory. Amerié 
Instrument Co. Bulletin 75 


Carbon - Meter for rapidly des 
mining carbon at the furnace. 
Leitz, Inc. Bulletin 264. 

New 29-page catalog — Microm 
Electric Control — has just been! 
sued by Leeds & Northrup Co. & 
letin 76. 

Inspection of non-magnetic me 
with the new Zyglo method. Mam 
flux Corp. Bulletin 78. 


Jeseriibes ling 





Use Handy Coupon on Page 4&2 
for Ordering Helpful Literature 
Other Manufacturers’ Literature 
Listed on Pages 482, 486, 492, 
496, 498, 500, 502, 504 and 508 








gst OF CUTTING FLuiDs | 
qHt Cor ois AND PRODUCTION 


S MEASURED 


IN DOLLARS 


T pays to use the best. Stuart’s Thred-Kut, Solvol, 
“Super-Kool” and Codol are the best money-can 
buy. A Stuart Oil Engineer will be glad to help you 


choose the best cutting fluid for the job. Call him in. 


IN PENNIES 


Stuart pil 


“gineering 








_. SPEED PRODUCTION 
N MAXIMUM UNIFORMITY 


NGENIOUSLY DESIGNED SALEM FURNACES HELP YOU 
7 


. OBTAl 
_ REDUCE costs 


_ PREPARE for PEACETIME OPERATIONS 











Every Salem f 
urnace has its 
own special f 
eatures i 
which hearth furnace in the world for h 
or heating steel 
carries the Salem 
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idual production require ents t 
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for instance, are stand di mM | 
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: ‘ e pians are used. Furthe more, by installin i n msm x ng a 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Industrial radiography with ra- 
dium. Canadian Radium & Uranium 
Corp. Bulletin 79. 

Potentiometer temperature indica- 
tors. Foxboro Co. Bulletin 82. 

Portable Brinell hardness tester and 


folding Brinell microscope. Andrew 
King. Bufletin 85. 


Gage blocks, comparators, projec- 
tors. George Scherr Co. Bulletin 83. 


Pyrometer Controller. Illinois Test- 
ing Laboratories, Inc. Bulletin 84. 


Universal testing machines and 
typical uses. Riehle Testing Machine 
Div., American Machine and Metals, 
Inc. Bulletin 86. 








HEYROVSKY POLAROGRAPH 





The application of the polarographic 
method of analyses expands steadily. Some 
of the analyses being made with the Hey- 
rovsky Polarographs now in use include the 
analysis of brass; of steel and iron; of lead, 
magnesium, nickel, and zine alloys; of 
metallic impurities in aluminum; of lead 
and zine in paints; of major constituents 
in plating solutions; and the differentia 
tion of waters. 

In the industrial health field, the Polaro- 
graph is being successfully used for such 
important analyses as the detection of in 
cipient lead poisoning. The sensitivity, 
implicity and speed of the polarographic 
method for determination of lead in urine 
permits complete and periodic examination 
of plant personnel at low cost without the 
need of highly trained operators, 

Accuracy; rapidity; the possibility of de 
tecting and identifying minute quantities 
and of making simultaneous determinations 
of several components; small sample re- 


E. H. SARGENT & Co., 155-165 E. Superior St., Chicago, Illinois 
Michigan Division: 1959 East Jefferson, Detroit, Michigan 





quirement; preservation of sample; and 
permanent photographic recording of every 
analysis are some of the reasons why the 
Heyrovsky Polarograph is becoming so 
widely accepted. 


The procedures established thus far by 
no means define the field of polarography 
the perfected instrumental system of the 
Heyrovsky Polarograph creates unlimited 
possibilities for analytical and research 
applications. 


\ bibliography of more than 700 papers 
dealing with the polarographic method of 
analysis and a _ booklet discussing the 
Polarograph and polarographic analysis 
are available without charge on request. 


$-29301 POLAROGRAPH—Heyrovsky, American 
Model XI, Indicating-Recording. Complete with 
three vessels, 29305, 30 MM, 1 electrode, 29340; 21 
CM Capillary tubing, 29350; 4 packages bromide 
paper, 29347; three feet Neoprene tubing 4 inch; 
three rubber stoppers for vessels; mercury reservoir 
and connecting wires. For 115 volts, A.C. 60 cycle 


emcuits $550.00 












Slomin high speed 
cnenyeses and other 
aboratory equipment, 
& Co. Bulletin 87. 

Surface Analyzer. 2 
ment Company. Bulletin moe 

Micro-Optical Pyrometers. » 
eter Instrument Co. Bulletin 99 

Dillon tensile tester and the Dil 
dynamometer. W. C. Dillon @ ¢ 
Bulletin 91. 


Gas analysis. Burrell Techy: 
Supply Co. Bulletin 92. — 
Industrial thermocouples, A 
S. Richards Co. Bulletin 93, © 


Optical Aids. Bausch & Lo 
tical Co. Bulletin 94. es 

Coleman universal s 
eter. Wilkens-Andersc 
tin 95. 

Metallographic polishing pow; 
Conrad Wolff. Bulletin 96. , 

Metallurgical Equipment. Ado 
I. Buehler. Bulletin 97. : 

Hardness testing equipment. W 
son Mechanical Instrument Co,, |; 
Bulletin 98. 

_Identometer for rapid 
tion of steel. Dravo Corp. 
267. 

New condensed catalog gives pri 
and descriptions of instruments 
fered by Wheelco Instruments ¢ 
Bulletin 268. 

__Eberbach micro hardness tester 
illustrated and describad in 1 
booklet by Eberbach & Son Co. 8 
letin 269. 

Thermocouple selector swile 
for pyrometer applications are ¢ 
scribed in new leaflet by Lewis 
gineering Co. Bulletin 229. 

Moisture determinations of aw 
range of materials with new Moist 
Teller instrument are described 
new leaflet by Harry W. Dietert | 
Bulletin 299. 

New flexible film holder for int 
trial radiography is illustrated # 
described in leaflet by Picker \- 
Corp. Bulletin 300. 

Stresscoat, a method of analya 
distribution, direction and value 
local strains in any structure 
means of formation of character 
tic crack patterns in a brittle coatl 
applied to its structure, is descr 
in leaflets issued by Magnaflux U 
Bulletin 301. 


Type 2 automatic valve operate 
widely used mechanism designed fi 
industrial operation of valves, dat 
ers, or other control devices, are 
scribed in new leaflet by Auto 
Temperature Control Co. Bulle 
317. 

Attractive, illustrated booklet ¢ 
scribes Clark Instrument’s precist 
hardness tester. Bulletin 318. 


electrolyy 
metallurgie 
E. H. Saree 
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Turbo-Compressor data charge 
shows how to calculate comy ~~ rely wit 
air systems for a doz differ a 
plications. Spencer Turbine ‘ 
letin 329. 

. » ea 

Use Handy Coupon on Page 45. 
for Ordering Helpful Literature 
Other Manufacturers’ Literature 
Sh, 490, 4H 


Listed on Pages 482 
496, 498, 500, 502, S04 and 5% 
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MAINSTAYS OF METAL JOINING 
IN THE MARINE FIELD 


It is hardly possible to overemphasize the magnitude and importance of the contri- 
bution being made by these silver brazing alloys to the war effort in the marine 
field. Here are just a few of the jobs they are doing 


IN MARINE EQUIPMENT MANUFACTURE you will find them used in the 
fabrication of refrigerating and air conditioning equipment, pressure gauges, steel 
electrical enclosures, switch boxes, lighting fixtures, etc.—in brazing electrical con- 
tacts, leads, terminals and windings—in mounting the blades of large steam turbines 
and other structural work—in making and repairing production tools. 

IN SHIPYARDS they're used in the construction of practically all non-ferrous 
ship's piping systems—in joining flanges, fittings and expansion joints—in cargo, 
bilge and ballast remote control piping. 

IN THE MARINE COPPER SHOP you'll find Easy-Flo No. 3 has replaced 
spelter brazing in fabricating large copper piping like the big one shown above—in 
making branch outlets and pipe reductions—in joining branch outlets and flanges 
to fabricated piping—in brazing circumferential rings on expansion joints. 


There's no mystery about this wide scale use of Sil-Fos, Easy-Flo and Easy-Flo 
No. 3. It's all summed up in these facts—these silver brazing alloys make possible 
arge copper over-board the fast, economical production of amazingly strong, reliable joints. It's their com- 
‘charge fabricated en- bination of low working temperatures, extreme fluidity and silver content that does it. 


rely with Easy-Flo No. 3. 
P BULLETIN 12-A GIVES YOU THE COMPLETE STORY 
and a lot of useful, practical information about metal joining. Write for your 
copy today. 


HARMAN 


82 FULTON ST., NEW YORK 7, N., Y. 


Bridgeport, Conn. + Chicago, Ill. « Los Angeles, Cal. « Providence, R. |. « Torente, Canada 
Agents in Principal Cities 
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WHAT'S NEW 


IN MANUFACTURERS’ LiTeRyy 





Pyrometer contro! of high « 
salt baths is described in ney 
let by Brown Instry ent C, > 
tin 324, 

40-page booklet contains 
technical information on ther», 
etry and thermometers, Bris, 
Bulletin 321. 
“Radiography of Materials” js yin, 
new book on industrial radiogrs 
Eastman Kodak Co. Bulletin 31. 

New file folder service bullies, 
Weaver Furnace Atmosphere |p, 
cator. Claud S. Gordon Co. Ryiw 
332. 


HEATING @ HEAT TREA 
MENT 
36-page catalog illustrates ky 

Hold line of thermal, sub-zero , 

stratosphere processing and tes 

machines. Kold-Hold Mfg. Co. py 

tin 99. 

Homo method for nitriding js 10 
scribed and illustrated in new { 
page catalog by Leeds & Northrglliiweich 
Bulletin 100. 

Lithco, the chemically-neutral } 
treating process, and Lithcarb, ; 
process for fast, bright gas-carby 
ing. Lithium Corp. Bulletin 101 


Internally heated salt bath furne i i" 
and pots. Upton Electric Furn , 
Div. Bulletin 102. 

Induction heating. Induction He 
ing Corp. Bulletin 103. 

S.F.E. Standard Industrial furw 
catalog. Standard Fuel Engineer 
Co. Bulletin 104. 

Easy-selection charts on 
burning equipment. Nationa! 
chine Works. Bulletin 105. 

8-page pictorial bulletin descrix 
the heat treating service of Cor 
nental Industrial Engineers, Inc. ! 
letin 107 

Hagan rotary forging furnaces: 
described in bulletin by Georg 
Hagan Co. Bulletin 108. 

Comprehensive, 100-page text 
describes constructional feat 
capacities, operation and 


mentation of nitriding furnace 
Nitralloy Corp. Bulletin 289. ‘ 
Centrifugal blowers and exbats . 
ers. Roots Connersville Blower UR | 
Bulletin 270. For 


Furnaces for heat treatment 0 ® 
minum, magnesium and their a 
Lindberg Engineering Co. Buk 
271. 

Heavy duty high temperature 
i steel fans are described by Ves 
licensor iD 

Oven Co. Bulletin 272. 


MONARCH STEEL COMPANY “The Trend Is Toward Sa [am (| 








HAMMOND + INDIANAPOLIS + CHICAGO title of interesting leaflets) 
PECKOVER'S LTD., Toronto, Canadian Distributor several examples of heat tres 
Ajax Electric Co. Bulletin 2/4 
. Py 
Licensee for Eastern Stotes ‘ 
THE FITZSIMONS COMPANY ne Cent See es 
for Ordering Helpful Literate 
YOUNGSTOWN, OHIO Other Manufacturers’ Literatu 
Listed on Pages 482, 45°, , . Se 


496, 498, 500, 502, 504 ane 








MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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SERVING: 











VULTEE *« BELL 
CHRYSLER » TALON 
WESTINGHOUSE 

* 
ONSOLIDATED 
URTISS-WRIGHT 
ENERAL MOTORS 

















$. SIGNAL CORPS 
PERUVIAN NAVY 
REPUBLIC STEEL 


Plus 


Scores of Others . . 
Testing Many Materials 


Ne, 


10,000 POUNDS CAPACITY 


unds; height: 32 inches—yet allowing all type stress 


INSUL 


83 ¢ po 
l ) pounds! Seven capacities available. Tests wide 
fmoteriols. Extremely accurate, easy to operate, low in cost 


Write to Dept. B. P. 


4.0. DILLON & CO., inc. 





5410 W. HARRISON STREET 
oie iclemm eel, lel 





» SERVITE’ PRESSED STEELYPOTS 


ror: Lead, Salt, Cyanide Oil Tempering, Metal Melting 


All Standard Sizes 
Seamless 


Uniform Quality is Maintained in Every Pot 
Write for Bulletin No. 42 


CLAUD S. GORDON CO. 


ESTABLISHED 1914 
digh by mag Industrial aoe 


alia . Furnace . . . X-Ray . . . Metallurgical 
CHICAGO 
3000 South Wallace Street Telephone— Victory 6525 
—_ CLEVELAND 
E. 66th Street Telephone—Henderson 5540 
elise INDIANAPOLIS 
ite E. Georgia Street Telephone —Market 6220 
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TYSON 
TIGER STEEL — Stiff Mud 
TIGER FIRE BRICK 
TAYCO SPECIAL SHAPES 


T-20, T-23 


Fire Clay 
Division 
. 


Dry Press 


MONOCRETE 
LITECRETE 
PLASTAYCO 

TAYCO HIGH 


TEMPERATURE CEMENTS 


ATING FIRE. BRICK 
T-26) 


CHEMICALS By 


NY 


Ingredients for Making 
Lubricating Compounds 


for 


Drawing Steel, 
num, Etc. 


oe 


For complete information, 
send for our new catalogue, 


*CHEMICALS by GLYCO” 


GLYCO PRODUCTS CO., INC. 
Brooklyn 2, New York 


26 Court Street 





495 


(Brick, Shapes, Cements) 


YP. &. Sillimanite 


Division 
rs 


BRICK 
SHAPES 
PLASTICS 
CEMENTS 
GLASS HOUSE 
REFRACTORIES 
FEEDER PARTS 


BATTS & KILN FURNITURE 


HYDROCAST 
Pal iese) | 


Alumi- 





Air-Draw Furnaces ° 


(Write For Bulletin C-4) 


Oven Furnaces ° 


Pot Furnaces For Oil, Lead & Salt , 


Eclipse Magnesium Furnaces 


W ith— 


Automatic Air-Gas Proportioning 


® Burners With Wide Range Turn Down 


Pressed Steel Crucibles 
Heavy Wall & Framework Construction 


Manufacturers Of 


Bell Furnaces 





Forge Furnaces ° 





No. 200 Sand Cast Super Heat Fumace 


Rivet Heaters 
Soft Metal Furnaces 








Eclipse Fuel Engineering Company 
ILLINOIS 























WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Electric Furnaces. Ajax Electro- 
thermic Corp. Bulletin 106. 


Gas, oil and electric heat treatin 
and carburizing furnaces. Holcroft 
& Co. Bulletin 114. 


Rotary Hearth Furnaces. Lee Wil- 
son Sales Corp. Bulletin 290. 


Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin 115. 


Industrial ovens, rod bakers, weld- 
ing rod ovens, furnaces. Carl-Mayer 
Corp. Bulletin 116. 


Full muffle and other heat treating 
furnaces described in catalog by 
Charles A. Hones, Inc. Bulletin 117. 


56-page vest pocket data book on 
heat treating practices and proce- 
dures. Chicago Flexible Shaft Co. 
Bulletin 118. 


Non-metallic Electric Heating Ele- 
ments. Globar Div., Carborundum 
Co. Bulletin 119. 


24-page catalog describes gas, oil 
and electric Holden heat treating pot 
furnaces, and baths. A. F. Holden Co. 
Bulletin 120. 


Modern electric furnaces for heat 
treating. Harold E. Trent Co. in new 
Bulletin 121. 


Control of temperatures of quench- 
ing baths. Niagara Blower Co. Bul- 
letin 122. 

Molten Salt Baths. E. I. DuPont 
de Nemours & Co., Inc., Electrochem- 
icals Department. Bulletin 123. 


Tocco hardening, brazing, anneal- 


ing and heating machines. Ohio 

Crankshaft Co. Bulletin 124. 
Kleen-well oil strainers for quench 

oil cooling systems. Bell & Gossett 


Co. Bulletin 125. 


Unichrome alkaline copper proc- 
esses for improvement of selective 
hardening and deep drawing of 
steel. United Chromium, Inc. Bulle- 
tin 127. 


“Pulverized Coal, the Victory Fuel’. 
Amsler-Morton Co. Bulletin 129. 


Heat treating furnaces. Johnston 
Mfg. Co. Bulletin 130. 


Drycolene. General Electric fur- 
nace atmosphere. Bulletin 131. 


Dual-Action quenching oil. 
Oil Co. Bulletin 132. 


Gulf 
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Handling cylinder anhydrous 
monia for metal treaters. Arm 
Ammonia Works. Bulletin 128. 


Industrial Furnaces. W. S. ! 
well Co. Bulletin 133. 


Certain Curtain Furnaces. ©. 
Hayes, Inc. Bulletin 134. 


Air-Oil Ratiotrol for proportion 
flow of fuel oil and air to oi! burn 
North American Mfg. Co. Bull 
135. 


Blue Print for Industry is title 
new handbook presenting oven ¢ 
neering information. Industrial 0 
Engineering Co. Bulletin 136. 


Interesting and helpful infor 
tion available on the use of 4 
pots for heating operation by 
Swedish Crucible Steel Co. Bul 
137. 


Two new bulletins on vertical 
burizers and on carbonia fin 
American Gas Furnace Go. © 
tin 139. 

Van Norman induction heal! 
units. Van Norman Machine Tool 
Bulletin 144. 







ch 















Use Handy Coupon on Page 482 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 482, 486, 4, 492 
494, 498, 500, 502, 54 and 508. 
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RT IS 


Need a little help on that metal problem of yours? 


ee Ser~ cee 


Mato speed up production of some particular wer 
, or see if you can save some metal somewhere 
production front? 


Be to Chicago the week of October 18 and 
National Metal Congress and War Con 
blay. Devoted to increased production of 
to conservation of materials, and to post 
this great event of the metal industry 
plve many problems 


undred technical lectures will be pre- 
magee by the four cooperating societies. Leaders in 


ROSE ADELE EERE FED 


e metal industry and government will participate in 


> 
: + 


the special War Production and Conservation Sessions 
held each day by the American Society for Metals, 
sponsor of the event. 


r> 


We've a big production job still ahead of us. We need £ 







all the information and new developments that will : 
improve the efficiency of armament production. So mark ¥ 
your calender now — and plan to be in Chicago when i} 
the metal industry meets the week of October 18. fr 

4 
® Thousands of visitors to the Metal Congress will ih 
look to the hundreds of War Conference Displays for 


new products, new processes, and new developments. 
65% of the available display space has been reserved y 
in the first four weeks following announcement of this 5 
25th Annual Conference Display. i 









i 
But excellent display room locations are still available. i 
For complete information, write or wire the American % 
Society for Metals, 7301 Euclid Avenue, Cleveland 3, $ 
Ohio. Phone: ENdicott 1910. 








’ NATIONAL METAL CONGRESS AND WAR CONFERENCE DISPLAY 


& Under the direction of the American Society for Metals, in cooperation 
S with the American Welding Society, the Wire Association, and the Institute 
Sof Metals and Iron and Steel divisions of the American Institute of Mining 
Sand Metallurgical Engineers. 















FINISHED 
cor? Sep, 


The unexcelled Wyckoff 
heat-treating equipment 
that today serves Uncle 
Sam’s needs 100%, will be 
ready and “fit as a fiddle” to 
serve you after the war. 

Then, when you need to 
retain the specific physical 
properties and machinabil- 
ity ratios of cold drawn steel 
you can safely entrust the 
job to Wyckoff. The Reason? 
W yekoff annealing, quench- 
ing and tempering facilities 
are designed especially to 
furnish these characteristics 
in cold drawn steels. 


WYCKOFF 
DRAWN STEEL COMPANY 


First National Bank Bidg., Pittsburgh, Pa. 
3200 So. Kedzie Avenue, Chicago, Ill. 
Mills at idge, Pa, and Chicago, Wi. . . 
Warehouse Stocks in Principal Cities 


Manufacturers of Carbon and Alloy Steels ... 

Leaded Steels ... Turned and Polished Shafting 

.»» Turned and Ground Shafting ... Wide Fiats 
up te 12° x2". 


Metal Progress; Page 498 








WHAT'S NEI’ 


IN MANUFACTURERS’ LITER ATURE 





———ee 


Gas-air premix machine, Fe, 
Fuel Engineering Co. Bulletin 124 

Low temperature equipmen | 
aging, shrinking, etc. Deepfreen 
Div., Motor Products ( 
140. 


Controlled atmosphere furnace tor 
heat treatment of tool and allo 
steels. Delaware Tool Steel Cor. 
Bulletin 141. 


F eee Tate-Jones Co. Bulletiy 


Industrial Carburetors. C. M. Key 
Mfg. €o. Bulletin 143. ' 


High and low temperature direc 
fired furnaces. R-S Products Corp 
Bulletin 146, 


_ Heat treating, brazing and melt 
ing of ferrous and non-ferrous met. 
als. Lepel High Frequency Labora 
tories, Inc. Bulletin 147. 


Vertical Furnace. Sentry Co. Bul 
letin 148. 


Conveyor Furnaces. Electric Fur 
nace Co. Bulletin 149. 


New Electric Furnace. American 
Electric Furnace Co. Bulletin 150 


_Newly developed salt bath mate. 
rial for use in Martempering process 
E. F. Houghton & Co. Bulletin 15! 


Electric Furnaces for laborator 
and production heat treatment. Hos 
kins Mfg. Co. Bulletin 152. 


Furnace Experience. Flinn & Dre! 
fein Co. Bulletin 153. 


Flame-type mouth and taper an 
nealing machine for steel cartridge 
cases. Morrison Engineering Cort 
Bulletin 154. 


Dehumidifier. Pittsburgh Lectro 
dryer Corp. Bulletin 155. 


No-Carb, a liquid paint for preven- 
tion of carburization or decarburiza 
tion. Park Chemical Co. Bullet 
156. 

Furnaces. Dempsey Industrial Fur- 
nace Corp. Bulletin 157. 


High Temperature Fans. Michiane 
Products Corp. Bulletin 155 


16-page engineering and data book- 
let on proportioning oi! burners 
Hauck Mfg. Co. Bulletin 100. 


Pictorial bulletin describes ‘ur 
naces for heat treating, normalizing 
annealing, forging. Vulcan T 
Bulletin 161. 

Modern malleableizing 
Combustion furnaces Is 
illustrated leaflet. Bullet: 


Protective combusted 
in Hevi Duty Electric 
are discussed in 12-pag 


Sulletiy 





Use Handy Coupon 
for Ordering Helpful 
Other Manufacturers 
Listed on Pages 482, 4° 
494, 496, 500, 502, 50 
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THE 
PENINSULAR 
STEEL 

co. 











TOOL AND DIE STEELS 
COLD DRAWN BARS 
DRILL ROD 


SIX 


Convenient Warehouses 


N. B. McKeagan 
CAP.3456 


Chicago 
4532 W. Palmer St. 


Cleveland — Walter O. Kurtz 
9999 Lakeside Ave. CH. 7173 


Dayton —L. E. Dallas 
401 Kiser St. AD. 3121 


Detroit — H. J. Kurtz 
H. H. Kurtz 
1030 McDougall Ave. FI-8900 


Grand Rapids —E. R. Good 
1590 Madison Ave.,S.E. 50448 


Toledo — G. E. Reminger 
25 Sylvania Ave. Kl. 5488 


Sales Representatives 


Akron — Jas. A. Shattuck 
2443 8th St. WA.8745 


Erie—C. E. Wolff, Jr. 
3816 Sassafras St. 714-49 





32 MILLION 
POUNDS OF 
SHELL 

FORGINGS 


Handled to 
Date by this phe 









heh fe-ha Re Be GER 
ie 6G aR eG chet 
“ HAS BA plop LoL at 







MICHIANA ROLLER HEARTH 


@ In the plant of an eastern drop forging plant 





over 32 million pounds of shell forgings had passed over 
the MICHIANA Roller Hearth at normalizing tempera- 


ture at the time records were checked early this year. 






Still going strong and good for more millions—the hearth 






and furnace design employed has provided unusually | 


low cost heat treatment both with city gas and fuel oil. 






Records being made now in hundreds of busy war 





production plants are emphasizing further the good heat- 






hour performance of MICHIANA heat-resistant castings, 
and the value of MICHIANA technical skill and controlled 


If your use of heat- and corrosion- 






foundry practice ... 






resistant alloy castings is in the conventional applications 






or involves new untried ones—you can depend on 
MICHIANA. Our metallurgists are ready 


recommendations and co- 






to make 











operate with you at all times. 


MICHIANA PRODUCTS CORPORATION 


MICHIGAN CITY, INDIANA 


MICHIANA 


Heat-Resistani relate 













* Sprockets + Chains 
e Heat-Resistant and 
Corrosion-Resistant 
Castings of all Kinds 


« Muffies 
* Boxes 
+ Rails 

* Rolls 









Corrosion-Resistant 


NIKO) eile 
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VY Mg LT 


FOR gears, bearings, tool parts, magnets, 
ordnance parts and other 


POWDER METALLURGY 
APPLICATIONS 


Tonnage Available 





POWDER METALS and ALLOYS Inc. 
52 VANDERBILT AVE., NEW YORK CITY 
PLANT: Barberton, Ohio 








FURNACES 


Top charge type Lectromelt furnaces 
mean more production. 


PITTSBURGH LECTROMELT FURNACE CORPORATION 
PITTSBURGH, PENNSYLVANIA 
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WHAT'S NE} 

IN MANUFACTURERS’ .'TERATURy 
ee 
Infra-red gas burners and their ad- 


vantages are described in new 
“3 by Burdett Mfg. « et 





New catalog describes com 
line of heat treating mat ials offer 
by Heatbath Corp. Bulletin 329. 


Laboratory and tool room furnace 
requiring no blower is described by 
Mahr Mfg. Co. in new Bulletin 397 


REFRACTORIES & 
INSULATION 


Insulating firebrick. Babcock 
Wilcox Co. Bulletin 162. 


Cromozx, new protective refractory 
coating material for prolonging lif 
of firebrick, insulating firebrick, and 
castable refractories. Federal Refrac. 
tories Corp. Bulletin 163. 


Heavy Duty Refractories. Norton 
Co. Bulletin 164. 


Super Refractories catalog. Carbo- 
rundum Co. Bulletin 165. 


Interesting data sheets on Thern- 
O-Flake insulating bricks and cnat 
ings. Illinois Clay Products Co. Bul- 
letin 298. 


P. B. Sillimanite refractories, Chas 
Taylor Sons Co. Bulletin 166. 


Conductivity and heat transfer 
charts. Johns-Manville. Bulletin 167 


Ramix bottom for basic open 
hearth furnaces. Basic Refractories 
Inc. Bulletin 168. 


Brickseal refractory coating. Brick 
seal Refractory Co. Bulletin 169. 


D-E insulating materials and their 
application are described in nev 
data booklet by Armstrong Cork | 
Bulletin 208. 


Corhart Electrocast Refractorie 
for the melting and refining of metals 
are described by Corhart Refrac 
tories Co. Bulletin 209. 


FINISHING @ PLATING ¢ 
CLEANING 


Roto-Finish equipment for de 
burring, buffing, polishing and color: 
ing. Sturgis Products Co. Buileti 
170. 

A protective, deep black finish | 
steel. Heatbath Corp. Bulletin 17! 

Alvey Ferguson Co. shows bow 


various product washing problems 
were solved. Bulletin 172 


Four new booklets des 
ening processes for meta!s 
Co. Bulletin 276. 

Pickling. Wm. M. Parkin ' 
letin 174. 


he black 
Enthone 


Bul- 


OO 





Use Handy Coupon on Page #2 
for Ordering Helpful | :cereture 
Other Manufacturers’ | ::ereture 
Listed on Pages 482, 45 9, 492 


494, 496, 498, 502, 504 and 


en 











This photogtarh | e of Park's metallurgist® | running a 
test with Par rk’s o CASI sALT by putting 4 nitride © ase ona 
high- speed milling ¢* after it has been comple tel ground 10 
size. This test is G je i in Ps *. modern Jaboratories s to pre ~deter- 
mine for their ¢ systomers the value of this ope eration in theit heat- 
treat de partme nts. it is found that this “cast is extre »mely hard 
and re ~duce s fric ional resistance _ This is partic ‘larly adv antageows 


when non- a .rrous me tals are be ing machine ~<A. 


Many companies today are saving time and mone) and also con- 
: ical rool ateel by ene ing the life of their high- 
speed tools in using Park's ° 99 CA SING SALT. If you are inter: 
ested in tna the of your tools. write us today for 
k s 90 CA ASING SAL T—another 


comple te i 
roducts- 


one of sonal 


Charcoal + Cok 
eo e wr 


@ Liaui 
quid and Soli 
Af and High te Carburizers yy Cyani 
Steel Salts yy + will Jae Neutral 
ow ‘ot Carbon vr 


ty No Carb. ¥ 


+ 


venter A Q 

. ~ uenchi : 

ing Salts + ching and Tem * Carbon Pre 

j ‘> Metal Cleaners + pering Oils yy Dra . 
WwW ; -~ we 


Liquid Grai 
8076 MILITARY AVE . rain Cement 
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WHAT'S NEW 


IN MANUFACTURERS’ 


LITERATURE 





Motor-Generators for electroplat- Electrochemical Descaling. Bul- 
ing and other electrolytic processes. lard-Dunn Process Div., Bullard Co. 
Columbia Electric Mfg. Co. Bulletin Bulletin 212. 


173. 


Methods and equipment for elec- 


Detrex metal cleaning machines, tro-plating are described in_ illus- 
metal cleaning chemicals and proc- trated booklet of U. S. Galvanizing & 
essing equipment. Detrex Corpora- Plating Equipment Corp. Bulletin 


tion. Bulletin 175. 


303. 











DEMPSEY 


INDUSTRIAL 


FURNACES 


DEMPSEY INDUSTRIAL FURNACE CORPORATION 
Combined 50 years’ experience building Dempsey and Gilbert & Barker Furnaces for all heat treating needs 


SPRINGFIELD 


Over- and under-firing, as used by 
Dempsey in Car Type Furnaces, elimi- 
nates the “cold center” so inherent in the 
plain direct-fired furnace. In addition, it 
supplies faster heat, saves time and pro- 
duces excellent uniformity. Illustrating 
the range of operations for which they 
are suitable is a single unit now being used 
for production at temperatures as low as 
500°F., at 1200°F. and also giving good 
uniformity at 1800°F. (name on request). 
Write for bulletin showing range of 
standard sizes. 


The Dempsey staff of heating 
engineers is at your service at any 
time. Without obligation, they will be 
glad to consult with you and make 
recommendations based upon your 


own heat treating problems 





« MASSACHUSETTS 
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Airless Rotoblasi 
Bulletin 176. 


Rust inhibiting 
protection of metal 
Son, Inc. Bulletin 18 


Cadmium Plating. 
deNemours & Co., |; 
_ Tumbling and ec): 
Stamping and Machi: 


Well-rounded and }h 


on finishing and cle 
issued by Frederick ( 
Co., Inc. Bulletin 292. 


ingborn Lor 


Coatings { 


U, Johns » 


E. 1 duP 





0 


Bulletin 17 


n ! ng. G 
Lo, Bullet 


elpful cata 


ing has bea 
umm Chemie 


_Resilon corrosion - resistant 1 
linings and applications are 4 
scribed in 8-page leaflet by Univs 


States Stoneware Co. 


Bulletin 291 


Anodizing and plating equipme 
Lasalco, Inc. Bulletin 2i1, . 
“Indium and Indium Plating’, | 


dium Corp. of America. Bulletin 1% 


Degreasers. Phillips Manufacty 


Co. Bulletin 178. 
Service report des 


cribes Use 


Oakite machining, drawing, degres 
ing and descaling materials. | 
Products, Inc. Bulletin 210, 
Lithoform method for ma 
paint stick to galvanized iro: 
other zinc or cadmium surf 


described in new leafle 


t by Amer 


Chemical Paint Co. Bulletin 32 


_ New 4-page booklet 
illustrates new Americ 
Metal Washing Mach 


ment Co. Bulletin 336. 


describes 3 


an Tabl-Spr 


ine manula 
tured by American Foundry Equi 


_Jetal process and its charactert 
tics as a protective coating. Alr 
Chemical Co. Bulletin 213 


Casting cleaning methods in | 


dries. N. Ransohoff, 
214, 


Catalog section on ne 


Inc. Bullet 


w sheet Kor 


seal linings for tanks of welded ste 
wood or concrete has been issue 


the B. F. Goodrich Co. 


Bulletin 1! 


Lead plating is discussed in ve 
booklet issued by Harshaw Chemic 


Co. Bulletin 109. 


Interesting, illustrated cat 


shows typical cleaning 
machines engineered 
Howard Engineering 


and finist 
and built 


& Meg 


Pickling, tumbling, washing, quenc 
ing. drying, burnishing equipme®' 


shown. Bulletin 110. 
Four types of solve 


nt degreast 


and cleaners are described 10 
leaflet by Technical Pr cesses. Dit 
Colonial Alloys Co. Bulletin 25 


72-page metal clean 
provides organized mea 


ing cleaning materials 
use and types of wash! 


Magnus Chemical Co. ! 


Three electronic 
plating tanks are des 
folder by Plating ! 
Bulletin 235. 





Use Handy Coupon 
for Ordering Help! 
Other Manufacture: 
Listed on Pages 482 
494, 496, 498, 500 
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Page 482 
Literature. 
Literature 

36, 490, 492 
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iP der being plotted in your 


toolroom heat treat department? 


Orrrimes the death of a tool or die is unwit- 
ly plotted in the sweat and flame of the heat 
treating department. Scale kills the tool for lack 
of uniform hardness. The “soft skin” of decar- 
burization robs the surface of necessary toler- 


ances. Carburization leads to fatigue cracks and AA 


ung 


part failure. 

You can put a stop to the unnecessary slaugh 
of tools and dies. You can do it with the neu 
controlled atmosphere of Hydryzing. 

The clean uniform hardness of Hydryzed 
insures the precision planning you put int& 
job... it justifies the careful selection of steel 
enhances the craftsmanship of the toolmaker, be 
sides saving you the expense of costly cleaning“ 
operations such as sandblasting, pickling and 


polishing. 


HEAT TREATING IN A PACKAGE 


LINDBERG can supply a complete toolroom set- 
up, including a preheat furnace, high speed 
furnace (both with Hydryzing atmosphere), a Cy- 
clone Toolroom Tempering Furnace, and quench- 
ing equipment complete with tank, cooler, 
circulating pump, and temperature controls. 
Lindberg toolroom heat treating in a package 
gives you clean, uniform hardness with accurate, 
low-cost tempering. The advantages, operation, 
sizes, and types of Hydryzing hardening and Cy- 
clone tempering furnaces are more thoroughly 
explained and illustrated in Bulletins 94 and 62. 
Insure your tool and die production. Write today! 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street + Chicago 12 


LINDBERG 


FURNACES 


“CYCLONE for hardening, normalizing, annealing, tempering 
YCLONE for accurate, low-cost tempering and nitriding 
SHYDRYZING for scale-free and decarb-free hardening 
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KEEP YP -70-DATE 


ON YOUR STEEL “SPECS”! 


If you work with steel—designing, fab- 
ricating or purchasing—keeping posted 
on Government “specs” can save you 
plenty of grief. May sound elementary, 
but recent Frasse experiences indicate 
otherwise. 

Take, for example, the instrument 


maker who recently received from an- 


other supplier stainless steel ordered to 
a Navy “spec.” The steel did not meet 
his requirements, and, suspecting an off- 
analysis, he called upon Frasse for con- 
firmation. Frasse, knowing the “spec” 
had been revised 3 times in two years, 
found the supplier had automatically 
(and correctly) furnished steel to the 
latest revision—an unusual analysis for 
special application only. Result: a ton 
of critical stainless steel sidetracked 
from the war effort, plus additional 
delay until the correct analysis could 
be obtained. 


Frasse subsequently spent a day with 


the manufacturer's purchasing director, 
designers, and metallurgists, compiling 
“spec” conversion charts and revising 
prints. “Spec” checking with Frasse is 
now a regular process with this war 
contractor. 

Frasse, incidentally, regularly issues 
identification charts showing up-to-date 
Government specifications for alloy, 
stainless and carbon steels —copies are 
obtainable free from any Frasse office. 
Meanwhile, why not (1) always mention 
the effective date of the specification to 
which you order, (2) keep posted by 
regularly checking your purchasing rec- 
ords and blueprints with Frasse. Peter A. 
Frasse and Co., Inc., Grand Street at Sixth 
Ave., New York 13, N.Y. (Walker 5-2200) 
+ 3911 Wissabickon Ave., Philadelphia 29, 
Pa. (Radcliff 7100 - Park 5541) + 50 
Exchange Street, Buffalo 3, N. Y. 
(Washington 2000) » Jersey City, Hart- 
ford, Rochester, Syracuse. 


Mechanical and Aircraft STEELS 
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WHAT'S. NE} 
IN MANUFACTURERS 'TERATURE 


a, 





New vapor cleaner 
Circo Products Com; 
scribed in Bulletin 238 


quipment of 
ny is de 


Discussion of anodizing 

I Ia! ig, ch 
tizing and phosphatizing in ‘ill 
trated 60-page book has been issued 
by Turco Products, Inx Bulletin 243, 


MELTING @ CASTING ¢ 
OPERATIONS _ 


Crucibles for brass, « pper, alumi 
num and magnesium industries 
Electro Refractories and Alloys Co 
Bulletin 183. oe 


Ingot Production. Gathmann Engi- 
neering Co. Bulletin 185. 


_Manganese-Titanium Steels. Tit. 
nium Alloy Mfg. Co. Bulletin 184, 


; “Electromet Products and Service” 
zeae Metallurgical Co. Bulletiy 
6. 


Chrom-X for steel mill and found 
ry. Chromium Mining & Smelting 
Co. Bulletin 187. 


Lectromelt Furnaces. 
Lectromelt Furnace 
188. 


, Electric Furnaces. Detroit Electric 
Furnace Div., Kuhlman Electric Co, 
Bulletin 189. 


Stroman crucible melting furnace 
for aluminum and magnesium are 
described in leaflet by Stroman 
Furnace & Engineering Co. Bulletin 
277. 

Operating Features, capacities 
charging methods of the Heroull 
electric furnace. American Bridg 
Co. Bulletin 215. 


How Research Has Produced ¢ 
velopments that make the side-blo 
converter process desirable as 
source of high temperature met 
Whiting Corp. Bulletin 216. 


Chart for the correction of brasst 
for zinc loss should interest foundry 


men. Foundry Services, Inc. Bt 
letin 217. 


Coke oven plant construction a 
development in 1942 is described 
and illustrated in 12-page pampait 
by the Koppers Co. Bulletin 232. 


“Fisher Magnesium Scrapbook 
Fisher Furnace Co. Bulletin 281. 


Attractive booklet descr 
growth, facilities and offers valuab 
alloy hints. Niagara Falls Smeltin 
& Refining Corp. Bulletin 246. 


Vertical centrifugal casting ® 
chine for production of ferrous 40% 
nonferrous castings is lescribed bs 
Centrifugal Casting M ne Lo. ® 
Bulletin 315. 


Pittsburgh 
Corp. Bulletin 





Page 482 
terature. 
terature 
490, 492, 
and 508 
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Use Handy Coupon 
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G COMPANY 


THE NATION AL REFININ 


. . Write for Your Copy TODAY! —It’s FREE! 


@ This book is the first of a series 
prepared as a service of the Engi- 
neering Department of The National 
Refining Company, to deal with 
various specific problems in the field 
of Industrial Lubrication. Profusely 
illustrated, it presents material of 
interest and value to executives, 
technical and operating men con- 
cerned with the machining of metals. 


THE NATIONAL REFINING CO. 


Hanna Building ¢ Cleveland 15, Ohio 
Indiamapolis * Chicago - Peoria - Omaha - Kansas City - Memphis 
Bast of Ohio...The Globe Refining Company, Cleveland, Ohio 
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IN LéSS 


SERVING CONCERNS 
LIKE THESE: 


American Magnesium Corp. 
Aluminum Co. of America 
Atlantic Wire Co. 

Atlas Steel Co. 

Bridgeport Brass Co. 


Eclipse Aviation Division of 
Bendix Aviation Corp. 


Ford Motor Co. 

General Electric Co. 
General Motors Corp. 
General Steel Castings Co. 
Hollup Corp. 

Hyatt Roller Bearing Co. 
Page Steel & Wire Co. 
Pittsburgh Tool Steel Wire Co 
Steel Co. of Canada 
Thompson Products Co. 
Timken Roller Bearing Co. 
Wickwire-Spencer Co. 













































CARL-MAYER HI-SPEED 
ROD BAKER 


The fastest rod baker built! 
Saves up to 50% in time 
and fuel. Patented Blow- 
Off Feature removes mois- 
ture without bumping or 
agitating the coils. Patented 
and patents pending. 





Fired Air 





MORE PRODUCTION 



















Carl-Mayer’s creative ability is 
making furnace and oven history. 
Carl-Mayer equipment is not only 
built for super-speed and fuel 
economy but has the stamina to 
take the severe punishment of 
continuous production. Write for 
Bulletin 141. 


CARL-MAYER 
FURNACE 


One of a number built 
for Bridgeport Brass 
Carl-Mayer Recirculat- 
for stress relieving. 
img Air Heater Pur- 
maces are widely used 
because of their fast 
heating cycle, unifom- 
ity and amazing fuel 
economy 


CARL-MAYER BATCH TYPE FURNACE 


Carl-Mayer Recirculating Air Heater 
Type Batch Purnace, Gas Pired. Nu- 
merous batch type furnaces similar to 
this at Aluminum Co. of America, 
American Magnesium Corp., Thompson 
Products Co. and other leading plants 


WELDING ROD OVEN 
For >" coated welding rods. 


Uses the “Mayer” Recirculating Gas 


eater Principle and Re@ Transfer Sy«tems (patents pending). 


THE CARL-MAYER CORPORATION 
3030 EUCLID AVE, CLEVELAND, 0. 
















Metal Progress; Page 506 





RADIOGRAPH 


WITH CANADIAN RADIUyy 














REPLACEMENT OR 
MAINTENANCE COST... 


(*FOR 1600 YEARS) 


When you use radium radiography for the internal examinati 
of metals, you never have to repair or replace “parts” of t 
radium equipment. There are no “parts.” 

Depreciation of radium to half its present power wi 
take 1600 years! Radium is self-powered, and operates with 
wires, mechanisms or attachments. All the equipment ) 
need is a radium capsule, a supply of standard radiograph 
films and our exposure slide rule gauge. 








With this simple set-up you can examine internally, a 
metal objects, large or small, in the plant or elsewhere. Rad - 
graphs are clear, dimensional pictures, revealing minute flaw “¢ 
and structural qualities, and are easily interpreted. ~, 


4 radium capsule of any required strength can be reat 2000 
or purchased outright. The cost in either case is probab ~~. 
much less than you imagine. Sufficient radium for radiograpt nil 
inspection of the largest castings, can be purchased for! z witt 






than a moderately powered mechanical outfit incapabk 
performing similar services. No wonder busy plants throug 
out America are adopting this thorough method of ensun 
efficient production and sound workmanship. 
for fre Manu 








It will pay you to investigate. Write 
and full information. 


Free Manual 


Reliable, profusely illustrated 80-page textbook 
on the fundamentals and technique of modern 
Industrial Radiography of metals with radium. 
Recently prepared by our research and tech- 
nical staff. Write for your copy today, giving 
your name and company position. 























VONTR( 


ON and | 






Canadian 


RADIUM & UR IUN 


630 FIFTH AVENUE - ROCKEFELLER CE NEW YOR GE 





eactro ol 














PE OF FURNACE 


Bell, cylindrical (for brass, copper, 
i nitriding 
ylindrical 





for steel strip and 


porcelain-enameling 
t, with protective 
2000 F max 

x, with protective 


1500 F max 


atmosphere 





atmosphere 


x, without protective atmosphere 
i, with cooling chamber 
bottom 
r, porcelain-enameling 


l, carburizing 
ronic heaters 


nveyor 
ical 
harder 
lening 
t-hardening 


Pempering baths (oil or salt) 


TMOSPHERE EQUIPMENT 


mmonia d 
tmospher 


sociators 
gas convertors 


Drycolene lucers 
‘ONTROL EQUIPMENT 
ON and OF F control 
eactrol ¢ | 


SOY WAR BONDS! 


RNACES FOR PRACTICALLY EVERY NEED 
BULLETIN NUMBER 


GEA-1752 


GEA-1495 
GEA-2790 
GEA-785 

GEA-1115 


GEA-3596 


GEA-4065 
GEA-2936 
GEA-4066 
GEA-4068 
GEA-1115 
GEA-3523 
GEA-4076 
GEA-4067 
GEA-4071 
GEA-4070 
GEA-3611 
GEA-972 

GEA-4072 
GEA-4073 
GEA-4074 
GEA-4069 


GEA-4075 
GEA-2948 
GEA-3525 


GEA-594 
GEA-3301 


GENERAL @B ELECTRIC 
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Want 


Facts on 






Furnaces? 


This NEW 76-page 


G-E furnace book will help you select the 
right furnace for every application. It 


describes and illustrates 23 different 






types of G-E furnaces. 
























e Use the coupon below to obtain your copy of this 


valuable book. Or, for complete, detailed information 





on a specific type of furnace, ask for the bulletin 






listed which describes the furnace in which you are 















particularly interested, 
















If you are in doubt as to the type of furnace best 
suited to your needs, simply contact your local G-b 
office. The recommendations of our heating specialists 
are based on more than a quarter century of experi- 
ence in solving industrial-heating problems. General 
klectric, Schenectady, N. Y. 


CJ 
LJ 


Please send me your 76-page furnace book 


(GEA-4049). 


Also, please send me the following bulletins: 


Name 
Company 
Address 


State 


City 








WE WIN FRIENDS 
at 


Benedict- Miller 


Today’s allotments, pri- 
orities, government re- 
ports, etc., often seem to 
make the job of producing 
VICTORY unnecessarily 
dificult. We at Benedict- 
Miller wish there were 
simpler means of doing 
our job—for your benefit. 


For the present, however, 
it seems as if good old 
hard work—overtime by 
both men and machines— 
is the best way of our in- 
suring you the continua- 
tion of a steel service that 
is efficient, friendly, help- 
ful—specializing in 


Tool Steels High Speed 
Steel . . . Drill Rod .. . Tool 
Bits . . . Simonds Flat Ground 
Stock . . . Diamond Broach Type 
Hack Saws ... As Rolled, An- 


nealed and Heat Treated Machin- 


ery Steels .. . Alloy and Carbon 
Grades . . . Cold Finished and 
Hot Rolled . . . Structurals and 
Bar Shapes . . . Special Plates 


..» Flame Cutting. 


BENEDICT- 


MILLER 
INC. 


216 Clifford St., Newark, 5,N. J. 


N. J. Phone: MArket 3-6400 
N. Y. Phone: REctor 2-2732 














WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Interesting, descriptive leaflet on 
metal reclaiming mill offered by 
oe Engineering Corp. Bulle- 
tin 284, 


ENGINEERING @ APPLICA- 
TIONS @ PARTS 


Chace manganese alloy No. 772 in 
sheets, strips, rod and special shapes 
described by W. M. Chace Co. Bul- 
letin 190. 


Centrifugal castings. Shenango- 
Penn Mold Co. Bulletin 191. 


12-page boaklet describes many 
specialties of Summerill Tubing Co. 
Bulletin 282. 


Duraspun Centrifugal 
Duraloy Co. Bulletin 194. 


Electrical, corrosion and heat re- 
sisting alloys in rod, wire, ribbon 
and strip forms. Wilbur B. Driver 
Co. Bulletin 192. 


Carburizing Boxes. 
Co. Bulletin 193. 


Cast bronze, sleeve type standard- 
ized bearings. Bunting Brass & 
Bronze Co. Bulletin 195. 


Castings. 


Pressed Steel 


Nichrome and alloy castings. 
Driver-Harris Co. Bulletin 283. 


Meehanite Castings. Meehanite Re- 
search Institute. Bulletin 196. 


X-Ray Inspected Castings. Electro 


Alloys Co. Bulletin 197. 


Metal Baskets. W. S. Tyler Co. 
Bulletin 198. 


Steel Castings. Chicago Steel Foun- 
dry Co. Bulletin 199. 


Heat Resisting Alloys. General Al- 
loys Co. Bulletin 200. 


Pipes and Tubes. Michigan Steel 
Casting Co. Bulletin 201. 


Bimetals and Electrical Contacts. 
zee H. A. Wilson Company. Bulletin 
202. 


Cr-Ni-Mo Steels. 
Co. Bulletin 203. 


Industrial baskets, crates, trays and 
fixtures. Rolock, Inc. Bulletin 204. 


Seamless pressed steel heat treat- 
ing containers. Eclipse Fuel Engi- 
neering Co. Bulletin 205. 


48-page catalog on manganese steel. 
American Manganese Steel Div., 
American Brake Shoe Co. Bulletin 
293. 


A. Finkl & Sons 


New process of tube spinning de- 
veloped by Wolverine Tube Div., 
Calumet & Hecla Consolidated Cop- 
per Co., is described in brochure 
just released. Bulletin 287. 


An engineer’s handbook on elec- 
trical contacts. Fansteel Metallurgi- 
cal Corp. Bulletin 218. 
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Cooper standard alloys. Coop 
Alloy Foundry Co. Bulletin 20¢. 


Alloy Castings. Ohio Steel Fouy 
Co. Bulletin 207. 


Manual on welded steel tubing | 





heat exchanger and condenser 
has been issued by Formed Sis 


Tube Institute. Bulletin 286. 


Just released by Atlas Brass Foy 


dry is an 84-page catalog listing siz 
and prices of hundreds of finish 
bronze bushings and porous oijl-r 
taining bearings. Bulletin 219. 


Flanges and other drop forging 
Ladish Drop Forge Co. 


Finding list and list of sources 
alloy metals. Hobart 
Bulletin 222. 


Powder metal oil-retaining poroy 


bronze bearings are described » 
illustrated in new booklet by Bou 
Brook Oil-less Bearing Co. 
279. 


Ledaloyl, self-lubricating bearing 


Johnson Bronze Co. Bulletin 223 


Metal Powders. Metals Disintegrat 


ing Co. Bulletin 224. 


Corrosion and heat resistant alla 


Lebanon Steel Foundry. Bulletin 2 


Lead-base metals. Magnolia Met 
Co. Bulletin 226. 


Oilite precision oil cushion-brom 


bearings and other powder met 
bar, plate and strip stocks are 
prehensively described in 14)-pat 
catalog issued by Amplex |! 
Chrysler Corp. Bulletin 227. 

Many advantages of metal spinn' 
are described and illustrated in ee 
let issued by Milwaukee Metal Sp! 
ning Co. Bulletin 113. 


Many applications and saving 
through use of drop forgings * 
shown in Drop Forging Topics, ® 
sued by Drop Forging Assn. Bulleti 
240. 

Handy file leaflet describes wa 
baskets, fixtures, etc., offered by * 
S. Tyler Co. Bulletin 302. 

24-page catalog is guide to prope 
ties and use of Monsanto plasti 
Monsanto Chemical Co. Bulletin 


Details of new Chemicast prow 
for small brass parts will be suppi® 
by Chemicast Div., Whip-Mix oT 
Bulletin 330. 
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HATS NEW 


y MANUFACTURERS’ LITERATURE 





oders are 


described 
sued by the Pines Engineering Co. 
iletin 344. 

Clark 3-blade adjustable hole cut- 
r and 3-blade adjustable surface 
cer are described in new illustrated 
afet by Robert H. Clark Co. 
tin 348. 
Powdered metal presses producing 
sillions of metal parts illustrated in 


ETAL WORKING @ FABRI- 
CATION 


jutomalic profilers and hydraulic 


in catalogs 


wialog by Kux Machine Co. 


n 


0. 


amp. 
Bulletin 4. 
Catling Oils. 
wiletin 5. 


Forging presses. 
uiletin 2. 
Horizontal extrusion presses. 
ydropress, Inc. 
36-page pictorial story of the Ceco- 


Bul- 


Bulle- 


Ajax Mfg. Co. 


Bulletin 3. 


Cambersburg Enginecring 


Cities Service Oil Co. 


Cutting Oil Handbook, D. A. Stuart 
Bulletin 6. 


Dil Co. 
Presses 


ulf Oil Corp. 
Information and data on straight- 
jing press. Anderson Bros. Mfg. Co. 


ulletin 10, 


Forty different ways to cut 
hining costs. Continental Machines, 
nec. 


for 


Powder 
_ J. Stokes Machine Co. 
Properties and uses of cutting oils. 


rey. 
Bulletin 7. 


Bulletin 8. 


Bulletin 11. 


ma- 


Properties, applications and use of 
hard-facing rods. Coast Metals, Inc. 
Bulletin 249. 

Surface coated abrasive belts. Min- 
nesota Mining & Mfg. Co. Bulletin 12. 

Presses for the metal working and 

rocess industries. Ilydraulic Press 
Ifg. Co. Bulletin 20. 

Ilandbook on aircraft riveting. 
Cherry Rivet Company. Bulletin 14. 

Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 15. 

New catalog illustrates standard, 
non-standard, and _ special tools, 
shows prices of tools and blanks. 
Kennametal, Inc. Bulletin 250. 

Mounted wheels, Nandece and Hi- 
Power tools. Chicago Wheel & Mfg. 
Co. Bulletin 21. 

20-page booklet on cutting fluids. 
Tide Water Associated Oil Co. Bul- 
letin 252. 

Air tools in steel mills and found- 
ries are pictured in new booklet by 
Ingersoll-Rand. Bulletin 255. 

Parsons oval bag dust arrestors are 
described and 12 advantages listed 
in folder issued by Parsons Engi- 
necring Corp. Important advantage 
is reclamation of valuable dust. Bul- 
letin 228. 

New Weel Speed Table will inter- 
est those engaged in polishing and 
buffing. Recommended speeds are 
shown in red. Divine Brothers Co. 
Bulletin 310. 


Key to efficient automatic —- 
is described in new 8-page illustrate 
bulletin showing Hammond Machin- 
ery Builders’ rotary table automatics. 
Bulletin 311. 

Big, comprehensive catalog illus- 
trates line of power presses offere 
by Minster Machine Co. Bulletin 320. 

Complete and valuable study of 
“Machining of Metals”, including 
chip formation, is offered by Na- 
tional Refining Co. Bulletin 335. 


FERROUS METALS 


Republic Steel Corp.'s second edi- 
tion of National Emergency Steels 
tells you all about these new steels. 
Bulletin 345. 

Page after page of useful technical 
data and reference tables on_ tool 
steels. Latrobe Electric Steel Co. 
Bulletin 367. 

Machinery steel selector has been 
issued by the Elastuf group which 
includes Horace T. Potts, Brown 
Wales and Beals, McCarthy & Rogers. 
Bulletin 256. 

Aircraft steels, bearing steels. Ro- 
tary Electric Steel Co. Bulletin 24, 

Steel Data Sheets. Wheelock, Love- 
joy & Co. Bulletin 25. 

Molybdenum wrought 
Molybdenum Corp. of America. 
letin 26. 

Chemical analyses, shapes and 
sizes of Joslyn stainless steel prod- 
ucts are presented in extras and 
deductions booklet just issued by 
Joslyn Mfg. and Supply Co. Bulletin 
297. 


steels. 
Bul- 
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| 70 98 121 147 170 193 226 261 300 328 349 =| «389 
71 99 122 148 71 194 228 2h4 301 329 350 «=| «370 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Free Machining Steels. Monarch 
Steel Co. Bulletin 30. 

Tool Steels. Bethlehem Steel Cu. 
Bulletin 31. 

Enameling iron sheets. 
Steel Co. Bulletin 33. 

Loose-leaf reference book on mo- 
lybdenum steels. Climax Molybde- 
num Co. Bulletin 35. 

Stainless steel. Allegheny Ludlum 
Steel Corp. Bulletin 30 

Low carbon open hearth case car- 
burizing steel. . J. Holliday & Co. 
Bulletin 38. 

Aircraft Alloy Steels. Joseph T. 
Ryerson & Son, Inc. Bulletin 40. 


_ Kintte alloy tool steel bar stock and 
its easy handling in heat treatment 
are described in leaflet by H. Boker 
& Co., Inc. Bulletin 258. 


New Catalog C makes it easy to get 
International Nickel Co. literature, as 
it presents brief description and in- 
dex to a wide variety of booklets. 
Bulletin 305. 


_ “Graphitic Booklet” gives complete 
information on new, free-machining, 
long-wearing steel, offered by Stee! 
& Tube Div., Timken Roller Bearing 
Co. Bulletin 307. 

Spark Testing Guide—a 21” x 30” 
wall chart—is useful in segregatin 
tool steel scrap, unscrambling mined 
stocks and checking identity of tool 
steel before heat treatment. Carpen- 
ter Steel Co. Bulletin 312. 

HWD hot work die steel and Ster- 
ling stainless steels are described in 
four new leaflets by Firth-Sterling 
Steel Co. Bulletin 323. 

New booklet gives full information 
on N-A-X high tensile and N-A-X 
9100 Series of alloy steels. Great 
Lakes Steel Corp. Bulletin 328. 

Spindle speed calculator is handy 
chart to figure machining rates on 
bar steels. Bliss & Laughlin, Inc. 
Bulletin 333. 

New handbook on when, where, 
how and why to use various types of 
stainless steel is offered by Rustless 
Iron and Steel Corp. Bulletin 334. 


Inland 


Attractive new catalog describes 
the line of steel offered by Penin- 
sular Steel Co. Bulletin 337. 


NON-FERROUS METALS 


Reynolds Metals Co. has issued two 
color charts showing marking for 
identification of wrought aluminum 
alloy products, rod, bar, tubing and 
shapes, and for aluminum alloy 
sheet. Bulletin 294. 


Platinum Metal Catalysts. Baker & 
Co., Inc. Bulletin 41. 


Die casting oy 
Phoenix, Inc. Bulletin 42. 


Bronze. Frontier Bronze Corp. 
Bulletin 44. 


Handy & Harman has issued a re- 
vised edition of their general catalog 
on Sil-Fos and Easy-Flo brazing 
alloys. Bulletin 43. 


Copper Alloys. American Brass Co. 
Bulletin 45. 


Aluminum Castings. National 
Bronze & Aluminum Foundry Co. 
Bulletin 46. 


Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 
cast cavities. Cerro de Pasco Cop- 
per Corp. Bulletin 47. 


Brass and bronze castings. Ham- 
mond Brass Works. Bulletin 48. 


Reference on properties of lead. 
St. Joseph Lead Co. Bulletin 49. 


6th edition of Revere Weights and 
Data Handbook. Revere Copper and 
Brass, Inc. Bulletin 296. 

Catalog of brass, bronze and iron 
alloys. Cramp Brass and Iron Foun- 
dries Div., dwin Locomotive 
Works. Bulletin 50. 

Dowmetal data book. Dow Chemi- 
cal Co. Bulletin 51. 

80- Duronze Manual, well in- 
dexed for reference, presents data 
on high strength silicon bronzes. 
Bridgeport Brass Co. Bulletin 52. 

Forgeable tin-free bearing metal. 
Mucller Brass Co. Bulletin 53. 


Lester- 


rotection tor 


Surface 
f agnesium /OFp. Bullets 


American 
4 


Rare metals, alloys and 
Mineral Co. Bulletin 56. °° 

Brazing Booklet. Westinghoy, 
Elec. & Mfg. Co. Bulletin 57. , 

“The Story of Magnesium” 
trated booklet by the Mie 
Metals Corp. Bulletin 261, 

_Two new Ampco Metal data shee, 
discuss forging Ampco to improy, 
physical characteristics and use 
Ampco for non-scratching feed 4» 
gers. Bulletin 314. 


“Sureweld” protected are ele 
trodes. Hollup Corp., division 9 
amma Cylinder Gas Co. Bulletiy 


Welding Stainless. P Steel 4 
Wire Div., American Chain & Cable 
Co., Inc. Bulletin 59. 

Chart explains how to select proper 
flux for every welding, brazing and 
soldering job. Krembs & Co. Buy 
letin 60. 

Cop-coatsene welding and cutting 
Linde Air Products Co. Bulletin 6 

Flexarc A-C welders. Westing 
house Electric & Mfg. Co. Bulletin 

Data book facts on spot, seam and 
flash welding ferrous and non-fer. 
rous metals and alloys. P. R. Mal 
lory & Co., Inc. Bulletin 65. 

Welding and brazing of aluminum 
a new data book issued by Alumni 
num Co. of America. Bulletin 66 

Shield Arc electrodes. McKay (© 
Bulletin 67. 

New advances in arc welding 
equipment design. Harnischfeger 
Corp. Bulletin 68. 

Nu-Braze No. 4, an improved silver 
brazing alloy. Sherman & Co. Bulle 
tin 288. 

New “200” welder is described | 
AHis-Chalmers in Bulletin 260. 

New JR eheps cutting machine \s 
described by National Cylinder b« 
Co. Bulletin 233. 


New “_ bookiet tells how 
tt 


fabricate ngs for welded piping 
by means of flame-cutting and weld 
ing. Air Reduction Co. Bulletin 234 
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THEN APPLY THEM PROPERLY... 
@ Anything less than the best cutting fluids available is a 
handicap to your production. Equally important is proper ap- 
plication. Stuart Oil Products and Stuart Oil Engineering will 
give all the advantages it is possible to get from cutting fluids. 

For All Cutting Fluid Problems 


Chicago, U.S.A. © LiMiTED © — Est, 1865 
Worehouses in Principal Metal Working Centers 
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In the reduction of metallic powders, 


INCONEL containers withstand over 2000° F. 


in complex corrosive atmospheres 


The reducing of metallic powders . . . as a 
first step inthe production of long-wearing, 
sintered-metal friction surfaces for brakes 
and clutches . . . imposes extremely severe 
conditions on the metal containers used in 
the process. 

What these conditions are . . . and how 
they are met by Inconel containers . . . is 
shown by the experience of S. K. Wellman 
Co., pioneer in the field of powdered met- 
allurgy. 

When reducing metallic powders, the 
Wellman Co. uses Inconel cans, 20” in 
diameter by 39” high. 

These cans are placed in an electric fur- 
nace where they are subjected to over 


2000° F. for 72 hours. 


Complete furnace assembly used in reducing metallic 
powders is shown at left. At right, heating cover is off to 
show Inconel container over oxide charge. Cans, 20” x 
9" are of 062 and .125 Inconel sheet, arc welded. 


Other destructive factors are present in 
addition to the high temperature. 

The inside of the container is exposed to 
the action of carbon monoxide ( reducing), 
carbon dioxide ( oxidizing ) and lead fumes 
(severely corrosive). The outside is ex- 
posed to an oxidizing atmosphere. 

At first, steel cans were used ; they lasted 
for only one 48-hour heat. Inconel cans, 
with Inconel covers, last for 50 to 75 heats 

-a total service of up to 5400 hours! 

In addition to warping, the steel cans 
scaled, which affected the quality of the re- 
duced metallic powders. Inconel’s free- 
dom from scaling avoids contamination. 


An equally interesting performance by 
Inconel in the final phase of this Wellman 
operation . . . the “autodeous welding” of 
the sintered metal facing to a steel backing 
plate . . . will be described in a forthcom- 
ing issue. 





* The details of this use of Inconel, a wrought 
nickel-chromium, heat-resistant alloy, are pub- 
lished in the belief that they will be of interest and 
value to engineers and designers working on sim 
ilar problems, though the use of Inconel today is 
subject to conditions imposed by the War. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 WALL STREET WEW YORK 5, W. Y. 


MONEL * “K” MONEL © “S” MONEL © “R” MONEL * “KR” MONEL © INCONEL © “Z” NICKEL + NICKEL 
Sheet... Strip...Rod... Tubing ... Wire... Castings 
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WHAT'S NEW 
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Atomic-hydrogen arc welding, its 
application and use, is described by 
Sener Electric Co. in new Bulletin 

41. 


Welding alloys and metals on 
which they should be used are 
shown in helpful chart form by 
Sete Welding Alloys Co. Bulletin 

32-page catalog describes line of 
welding equipment offered by Vic- 
tor Equipment Co. Bulletin 245. 


Advantages and physical charac- 
teristics of “No-Wear”, a hard-facing 
material. Callite Tungsten Corp. Bul- 
letin 251. 

Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin 29. 


New 500 lb, capacity welding po- 
silioner for light welding jobs is de- 
scribed by Ransome Machinery Co. 
Bulletin 313. 


Two new hard-facing alloys fur- 
nished as welding rods for applica- 
tion by Oxy-Acetylene process are 
described by the Stoody Co. in Bul- 
letin 325. 

New line of welding positioners 
with dual capacity are described in 
new booklet by Harnischfeger Corp. 
Bulletin 350. 

Vest pocket guide to correct weld- 
ing practices is offered by Hobart 
Brothers Co. Bulletin 351. 


Comparable arc welding electrodes 
for stainless are shown in chart 
issued by Alloy Rods Co. Bulletin 353. 


Attractive, new booklet describes 
electric resistance welder for alumi- 
num and its alloys. Sciaky Corp. 
Bulletin 358. 


Helpful electrode color chart is 
offered by the Arcos Corp. Bulletin 
374. 


TESTING & INSPECTION 


Bibliography of more than 700 
papers dealing with the polaro- 
graphic method of metal analysis and 
a booklet discussing this equipment 
is offered by E. H. Sargent & Co. 
Bulletin 338. 


Various methods and specific ap- 
plications of the measurement of case 
depth are described in illustrated 
pamphlet offered by Allen B. DuMont 
.aboratories, Inc. Bulletin 339. 


Precision production tools such as 
surface plates, angle plates, straight 
edges, etc., are described in Catalog 
No. 42 issued by Acme Tool Co. 
Bulletin 340. 


Metallurgical polishing equipment 
offered by Precision Scientific Corp. 


is described in illustrated booklet. 
Bulletin 359. 
Catalog 600 issued by Precision 


Scientific Co. presents 112 pages on 
laboratory equipment and products. 
Bulletin 370. 


SR-4 strain gage and illustrations 
of its many uses. Baldwin South- 
wark. Bulletin 70. 

New book contains wealth of prac- 
tical, usable information on_indus- 
trial inspection by x-ray. Westing- 
house Electric & Mfg. Co. Bulletin 71. 

X-Ray Diffraction Unit. General 
Electric X-ray Corp. Bulletin 72. 

Electric heaters and controls for 
industrial and laboratory. American 
Instrument Co. Bulletin 75. 

Carbon- Meter for rapidly deter- 
mining carbon at the furnace. E. 
Leitz, Inc. Bulletin 264. 

Inspection of non-magnetic metals 
with the new Zyglo method. Magna- 
flux Corp. Bulletin 78. 

Industrial radiography with ra- 
dium, Canadian Radium & Uranium 
Corp. Bulletin 79. 

Portable Brinell hardness tester and 
folding Brinell microscope. Andrew 
King. Bufetin 85. 

Gage blocks, comparators, projec- 
tors. George Scherr Co. Bulletin 83. 

Universal testing machines and 
typical uses. Riehle Testing Machine 
Div., American Machine and Metals, 
Inc. Bulletin 86. 

Surface Analyzer. Brush Develop- 
ment Company. Bulletin 88. 

Dillon tensile tester and the Dillon 
dynamometer. W. C. Dillon & Co. 
Bulletin 91. 

Optical Aids. Bausch & Lomb Op- 
tical Co. Bulletin 94. 

Coleman universal spectrophotom- 
eter. Wilkens-Anderson Co. Bulle- 
tin 95. 

Metallographic polishing powder. 
Conrad Wolff. Bulletin 96. 

Metallurgical Equipment. 
I. Buehler. Bulletin 97. 

Hardness testing equipment. Wil- 
son Mechanical Instrument Co., Inc. 
Bulletin 98. 

Identometer for rapid 


Adolph 


identifica- 


tion of steel. Dravo Corp. Bulletin 
267. 

__ Eberbach micro hardness tester is 
illustrated and described in new 


booklet by Eberbach & Son Co. Bul- 
letin 269. 

Moisture determinations of a wide 
range of materials with new Moisture 
Teller instrument are described in 
new leaflet by Harry W. Dietert Co. 
Bulletin 299. 

New flexible film holder for indus- 
trial radiography is illustrated and 
described in leaflet by Picker X-Ray 
Corp. Bulletin 300. 

Stresscoal, a method of analyzing 
distribution, direction and value of 
local strains in any structure by 
means of formation of characteris- 
tic crack patterns in a brittle coating 
applied to its structure, is described 
in leaflets issued by Magnallux Corp. 
Bulletin 301. 
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Altractive, illustrate: } 
scribes Clark Instrum, . ree 
hardness tester. Bullet 318 

“Radiography of Mai. als” j 
of new 96-page book indmartt 
radiography. Eastma: 


Bulletin 331. Kodak Co, 


TEMPERATURE CONTROL 


New catalog covers ATC T 
electrical control motors for veka 
ing temperature, pressure, flow etc, 
in numerous installations in the heal 
wT field and elsewhere, Auto 
matic Temperature Control 
letin 349 Be 

New 29-page catalog — Micromax 
Electric Control — has just been is- 
sued by Leeds & Northrup Co. Bub. 
letin 76. 

Potentiometer temperature indica- 
tors. Foxboro Co. Bulletin 82, 


Pyrometer control of high speed 
salt baths is described in new book. 
let by Brown Instrument Co. Bulle 
tin 324. 

40-page booklet contains useful 
technical information on thermom. 
eiry and thermometers. Bristol Co, 
Bulletin 321. 

Micro-Optical Pyrometers. Pyrow 
eter Instrument Co. Bulletin 89, 

New file folder service bulletin on 
Weaver Furnace Atmosphere Indi- 
ome Claud S. Gordon Co. Bulletin 

New condensed catalog gives prices 
and descriptions of instruments of- 
fered by Wheelco Instruments Co, 
Bulletin 268. 

Industrial thermocouples. Arklay 
S. Richards Co. Bulletin 93. 

Pyrometer Controller, \linois Test- 
ing Laboratories, Inc. Bulletin &. 
HEATING @ HEAT TREAT: 

MENT 

386-page catalog illustrates Kold- 
Hold line of thermal, sub-zero and 
stratosphere processing and testing 
machines. Kold-Hold Mfg. Co. Bulle 
tin 99. 

Homo method for nitriding is de 
scribed and illustrated in new ! 
page catalog by Leeds & Northrup. 
Bulletin 100, 

Lithco, the chemically-neutral heat 
treating process, and Lithearb, the 

rocess for fast, bright gas-carburiz 
ing. Lithium Corp. Bulletin 101. 

Internally heated salt bath furnaces 
and pots. Upton Electric Furnace 
Div. Bulletin 102. 

Induction heating. Induction Heat 
ing Corp. Bélletin 103. 

Easy-selection charts on © 
burning equipment. National Me 
chine Works. Bulletin 10. 

8-page pictorial bulletin describes 
the heat treating service of Contr 
nental Industrial Engineers, !ne. Bul- 
letin 107. 

Hagan rotary forging [urnaces ae 








described in bulletin by George J. 
Hagan Co. Bulletin 108. 
is 
ge 577 
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A NEW AND IMPROVED LINE OF 
WELDING POSITIONERS 


with Daal Capacity 


Easier to operate! IU st-y'aer-pb ecko) bba am clel-jhele)ebbele mee) Mm ie)a a 
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MILWAUKEE 14, WISCONSIN 
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your welding costs. ~ Write HARNISCHEEGER 





today for descriptive literature. 


@ P&H is America’s only manufacturer providing a complete welding service 


including AC and DC welding machines, electrodes, production welding control 


4, 


systems, welding positioners, and ‘‘Thru-the-Air” materials handling equipment 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Centrifugal blowers and exhaust- 
ers. Roots Connersville Blower Corp. 
Bulletin 270. 


Farnaces for heat treatment of alu- 
minum, magnesium and their alloys. 


ee ngineering Co. Bulletin 
Electric Furnaces. ax Electro- 


thermic Corp. Bulletin 166. 


Rotary Hearth Furnaces. Lee Wil- 
son Sales Corp. Bulletin 290. 


Gas, oil and electric heat treatin 
and carburizing furnaces. Holcroft 
& Co. Bulletin 114. 


Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin 115. 





A Repeat Order 
Based on Performance 
and Delivery 


One year ago, the Stress Relieving Furnace illustrated 
below was announced in the trade press. Delivery 
was prompt and during the past year, operating per- 
formance has been very satisfactory. The operators 
report, ‘A well-engineered installation that has given 
us no trouble whatsoever.” 


A repeat order resulted, a common occurrence when 
R-S Furnaces are installed. 


Here, then, is tangible 


Furnace performance. 


FURNACE DIVISION 
R-S PRODUCTS CORPORATION - 128 Berkley St., Phila. 44, Pa. 


plant cond: 
resourcef 


For com 


processes, spect 


delivernes 





“proof of the pudding.” 
Smaller R-S Furnaces for any heat treating service are 
equally satisfactory. You can always bank on R-S 


alness and eng 
4 operaacoa 

scruction an faction in your 

ty BS Purnaces. Becwer chen vera 


heac creaang 
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Industrial ovens, ;-»¢ bakers 
ing rod ovens, furnsces. Capt. 
Corp. Bulletin 116. : 

Futl muffle and othe } 
furnaces described ae 
Charles A. Hones, Inc. t! 

56-page vest pockei d 
heat treating practices and 

ures. icago Flexih r 
—— — _— 
on-metallie Eleetric Heating » 
ments. Globar Diy., . 
Co. Bulletin 119. ae 


24-page catalog describes gas, 
and electric bs en heat treating h 

urnaces, an aths, A. F. 
Bulletin 120. Holden ( 

Modern electric furnaces for jy 
treating. Harold E. Trent Co. in , 
Bulletin 121. 

Control of temperatures of ques: 
ing baths. Niagara Blower Co, } 
letin 122. 

Molten Salt Baths. E. 1. Dy 
de Nemours & Co., Jnc., Electroe 
icals Department. Bulletin 123, 

Tocco hardening, brazing, an 
ing and heating machines. 
Crankshaft Co. Bulletin 124, 

Drycolene. General Electric { 
nace atmosphere. Bulletin 138i, 

Dual-Action quenching oil. 
Oil Co. Bulletin 132. 

Handling cylinder anhydrous 
monia for metal treaters. 
Ammonia Works. Bulletin 128. 

Industrial Furnaces. W. S. Rod 
well Co. Bulletin 133. 

Certain Curtain Furnaces. 
Hayes, Inc. Bulletin 134. 

Air-Oil Ratiotrol for proportic 
flow of fuel oil and air to oil burn 
North American Mfg. Co. Bullet 
135. 

Blue Print for Industry, new ba 
book presenting oven engineeriy 
information. Industrial Oven Eng 
neering Co. Bulletin 136. 

Two new bulletins on vertical 
burizers and on carbonia 
American Gas Furnace Co. Bal 
tin 139. 

Van Norman induction heati 
units. Van Norman Machine Tool 
Bulletin 144. 

Gas-air premix machine. [Eeiy 
Fuel Engineering Co. Bulletin 1%. 

Low temperature equipment 
aging, shrinking, etc. Deepfree 
Div., Motor Products Corp. Duel 
140. 

Controlled atmosphere furnace 
Delaware Tool Steel Corp. Bullet 
141. 

Furnaces. Tate-Jones Co. B 

2. 


































t 


C. 


Industrial Carburetors. C. M. Kem 
Mfg. €o. Bulletin 143. 

High and low temperature ° 
gred tapmanen. R-S Products 
Bulletin 146. 

Heat treating, brazing and ™ 
ing of ferrous and non-ferrous © 
als. Lepel H Frequency 1a 
tories, Inc. Bulletin 14’. 
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Mosi of steel’s uses are still undiscovered. On thousands of drafting 
boards there are tentative scratches, ideas in embryo, to be developed out 


of man’s limitless imagination. New forms, unaccustomed stresses, exact- 


ing alloys—these make the challenge which Midvale welcomes. Creative 


steelmaking is a progressive art. 


MIDVALE 


Custom Steel-Makers to Industry 


four stars 


Pittsburgh + Washington Cleveland + San Francisco 


PHILADELPHIA + New York + Chicago + 











WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Vertical Furnace. Sentry Co. Bul- 
letin 148. 


Conveyor Furnaces. Electric Fur- 
nace Co. Bulletin 149. 


New Electric Furnace. American 
Electric Furnace Co. Bulletin 150. 


Salt bath material for use in Mar- 
tempering process. E. F. Houghton 
& Co. Bulletin 151. 


Electric Furnaces for laboratory 
and production healt treatment. Hos- 
kins Mfg. Co. Bulletin 152. 


Furnace Experience. Flinn & Dref- 
fein Co. Bulletin 153. 


Flame-lype mouth and taper an- 
nealing machine for steel cartridge 


cases. Morrison Engineering Corp. 
Bulletin 154. 
Dehumidifier. Pittsburgh Lectro- 


dryer Corp. Bulletin 155. 


No-Carb, a liquid paint for preven- 
tion of carburization or decarburiza- 
— Park Chemical Co. Bulletin 


16-page engineering and data book- 
let on proportioning oil burners. 
Hauck Mfg. Co. Bulletin 160. 


High Temperature Fans. Michiana 
Products Corp. Bulletin 158. 


Pictorial bulletin describes fur- 
naces for heat treating, normalizing, 
annealing, forging. Vulcan Corp. 
Bulletin 161. 


Protective combusted atmospheres 
in Hevi Duty Electric Co. furnaces 
are Geouned ta 12-page Bulletin 316. 

Turbo-Compressor data book 
shows how to calculate compressed 
air systems for a dozen different ap- 
plications. Spencer Turbine Co. Bul- 
letin 329. 

Catalog of heat treating materials. 
Heatbath Corp. Bulletin 322. 


Besides high-speed steel hardening, 
Ajax Electric Co. Bulletins 110 and 
107-A cover the equally impressive 
Ajax performance in carburizing, 
aenieel hardening, etc. Bulletin 342. 


Surface Combustion hardening fur- 
naces for many production require- 
ments are described in new leaflet. 
Bulletin 352. 

Photographs and drawings are 
used to describe car type quick- 
anneal oven by Whiting Corp. Bul- 
letin 355. 






Laboratory and to 
Mahr Mfg. Co. in new 


FOOM furnag 
Bulletin 327, 
















Standardized sizes of Semi-m 
and pot-type furnaces are desea 
and pictured in new leaflet by on 
sey Industrial Furnace Corp ig 


letin 354. 
Use of pulverized coal in th 
lurgical industries, equipment « 
designs, are described by Amsler 
Morton Co. in Bulletin 361, 


Furnaces for heat treating 
dies and parts are described ip » 
leaflet by Despatch Oven Co, 3 
letin 362. 


Rapid oil coolers and heat trang 
——— or Crsszned in new ¢; 
og issuec y li & Gossett 
Bulletin 365. 

New book “Ilardness” deser 
and evaluates haridness research 
noted pioneers, methods of testi 


and testing instruments, Nitral 
Corp. Bulletin 366, 
New booklet describes unify 


case hardening up to .150" with ¢ 
trolled carburizing baths. Americ 
Cyvanamid & Chemical Corp. 8 
letin 372. 

Hleat treating atmospheres are i 
cussed from A to Z in new book! 
by Westinghouse Electric & Mfg ( 
Bulletin 373. 
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HARDNESS TESTER 
tor SOFT METALS and PLASTICS 


Light, small, handy, quick, convenient to 
use, and easy to carry. Simply press the 
spring-loaded indentor point against the 
surface, and the dial immediately shows the 
relative hardness of the material. Widely 
used in aircraft and other war goods plants 
for checking aluminum, aluminum alloys, 
and other non-ferrous metals, as well as 
plastics, hard rubber, and the like. Write 
for complete information and prices. 


“BARBER-COLMAN 
a 2 os» ee se ae 


COMPANY. 











today. 


Ln. cle | 
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Alloy Constructional Steels 


In Charge of Alloy Steel and Iron Development 
International Nickel Co. 


Mr. FRENCH’s lectures on “Alloy Construc- 
tional Steels” 
1941 Western Metal Congress that they were 
made into a book which is now off the press. 


This 275-page book covers alloys in com- 
mercial steels—why alloy steels are used— 
selection of alloy steels—typical commercial 
uses—commercial steels and manufacturing 
variables—high alloy steels—wear—how #l- 
loying elements may affect corrosion of 
steels—processing and special treatments. 


In a time when much of our steel! is being 
used for construction, the valuable informs: 
tion contained in this book is particularly 
important and timely. 


275 pages . 
...6"x% ... Cloth binding 


American Society for Metals 


7301 Euclid Avenue 





by H. J. French 







were so well received at the 














Order your copy 






. . 95 illustrations 





$4.00 
Published by 









Cle i land, Ohio 



























roe FISHER 
CARB AWA EAR 





)pen Hearth Steels 








New Instrument 


bs the Rapid, Accurate 






) 
etermination of Carbon 


Open Hearth Steel Baths 






The Fisher Cacbanalyzer and Mold Equipment 


| 
| 
| 


One of the outstanding new instruments is the Fisher ability of the sample. As the carbon content ts a function 
rbanalyzer*, an instrument which has been adopted by of permeability, the dial reading can be quickly interpreted 
ig steel plants because it enables carbon determinations in percentage of carbon from a table. The range of the 

three minutes and has an accuracy of +0.02%. It instrument is 0.05% to 1.5% carbon 
loys the magnetic method devised by Jones and Laughlin Fisher Carbanalvyzer, self-contained in a hard 
1 key instrument in this new branch of analysis wood case, with complete instructions $550.00 


Molds, complete with clamp for casting test speci 


mens Each, $29.00 


*Reg. U.S. Patent Office 


lhe Carbanalyzer analyzes a pencil-shaped sample— 





n a special mold—by measuring the magnetic perme- 















This entire building is devoted exclusively to the design, 
manufacture and supply of laboratory apparatus 





First Source for Laboratory Supplies 


The Carbanalyzer is representative of the modern 


1 















laboratory appliances which Fisher is continually intro- 





ducing to keep pace with up-to-date methods in chem 





“=< oe 
“ae a8 5) 
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istry and metallurgy. 
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a 
ir BM 
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Fisher Scientific Company 
“Modern Laboratory Appliances’”’ 
717 Forbes Street Pittsburgh, Pa. 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





REFRACTORIES & 
INSULATION 


Insulating firebrick. 
Wilcox Co. Bulletin 162. 

Cromoz, new protective refractory 
coating material for prolonging life 
of firebrick, insulating firebrick, and 
castable refractories. Federal Refrac- 
tories Corp. Bulletin 163. 

Heavy Duty Refractories. 
Co. Bulletin 164. 

Super Refractories catalog. Carbo- 
rundum Co. Bulletin 165. 

Interesting data sheets on Therm- 
O-Flake insulating bricks and coat- 
a Illinois Glay Products Co. Bul- 
letin 298. 


Babcock & 


Norton 


Conductivity and heat transfer 
charts. Johns-Manville. Bulletin 167. 


Ramix bottom for basic open 
hearth furnaces. Basic Refractories, 
Inc. Bulletin 168. 


Brickseal refractory coating. Brick- 
seal Refractory Co. Bulletin 169. 


D-E insulating materials and their 
ys awe re are described in new 

ta booklet by Armstrong Cork Co. 
Bulletin 208. 


Corhart Electrocast Refractories 
for the melting and refining of metals 
are described by Corhart Refrac- 
tories Co. Bulletin 209. 

Zircon refractories in aluminum 
open hearth furnaces are discussed 
in new leaflet by Chas. Taylor Sons 
Co. Bulletin 347. 

H-W magnamiz, a Washington mag- 
nesite ramming mixture for open 
hearth and electric steel furnaces, is 
described in new leaflet by Harbison- 
Walker Refractories Co. Bulletin 371. 


FINISHING @ PLATING @ 
CLEANING 


Roto-Finish equipment for de- 
hi a e- polishing and color- 
ing. turgis Products Co. Bulletin 
170. 


A protective, deep black finish to 
steel. Heatbath Corp. Bulletin 171. 


Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin 172. 


Four new booklets describe black- 
ening processes for metals. Enthone 
Co. Bulletin 276. 





the UNIVERSAL 
Spectrophotometer 





Time saving procedures, usi 
Coleman Spectrophotometers 
are shown in the new and re- 
vised “Curves and References”. 
Molybdenum, phosphorus and 
manganese references are also 
given. 


One user reports “*. . . copper, 
nickel pate mate TR Ree de- 


terminations are done in 20 
minutes using j|the UNI- 
VERSAL, as compared to 90 
min. formerly required.” 


Write for Bulletin 10-MP 


per and nickel method! 


* Authorized Cole- 
man Distributors 





man t, either UNI- 
VERSAL mode! at $340.00 or the New 
JUNIOR model at $225.00 — replace 
visuel and filter colorimeters. 


tp ¢ Turning one knob its selection of 
Y any light required . . . Cole- 
ON 


WILKENS-ANDERSON CO. 


111 NORTH CANAL STREET e¢ CHICAGO, ILLINOIS 
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Pickling. Wm. M. Parkj 
letin 174. arkin Co, | 


_ Motor-Generators {or ot 
ing and other electrolytic pro. 
meee Electric Mig. Co. » 


Detrex metal cleaning mach 
metal cleaning chemicals ang , 
essing equipment. Detrex (Cop, 
tion. Bulletin 175. | in 


Electrochemical Descaling, } Pla 
lard-Dunn Process Div. Bullard ¢ U 
Bulletin 212. Bur 

Airless Rotoblast. Pangborn (, Tur 
Bulletin 176. Cu: 

Rust inhibiting wax Coatings Ble 

rotection of metal. §. C. Johnsos Full 

on, Inc. Bulletin 180. Sen 


Cadmium Plating. ©. 1. ip 2% 
deNemours & Co.., be Bulletin | GE 


Tumbling and cleaning. 
ire and Machine Co. Bulls 
















Catalog on finishing and cleanis ~ 
Frederick Gumm Chemical Co. | 
Bulletin 292. Sod 

Resilon corrosion - resistant Coy 
linings and applications are Zin 
scribed in 8-page leaflet by Uni 
States Stoneware Co. Bulletin 2» Car 

“Indium and Indium Plating’. Zin. 


dium Corp. of America. Bullefin | 


Service report describes wm 
Oakite machining, drawing, de ra 
ing and descaling materials. Oak 
Products, Inc. Bulletin 210. 


Jetal process and its ch 
tics as a protective coating. Al 
Chemical Co. Bulletin 213. 


Catalog section on new sheet Ke 
seal linings for tanks of welded 
wood or concrete has been issued 
the B. F. Goodrich Co. Bulletin i 


Lead plating is discussed in & 
booklet issued by Harshaw Chemie 
Co. Bulletin 109. 


Catalog shows typical cleaning # 
finishing machines engineered 2 
built by Howard Engineering & © 
Co. Bulletin 110. 

Four types of solvent degrea# 
and cleaners are described in » 
leaflet by Technical Processes D 
Colonial Alloys Co. Bulletin 29. 

Discussion of anodizing, chro 
tizing and phosphatizing in 
trated 60-page book has been is 


by Turco Products, Inc. Bulletio a} 
Revised edition of “The Ameri 

Line”, 20-page reference catalog Vi 

entire line of products mapufactut 

by American Foundry Equipmest pre 


has just been released. Bu op ple 

112-page manual describes 
icals by Glyco. Glyco Products ¥ 
Bulletin 346. 

Cleaning castings and forging’ 
low cost by tumbling 's described! 
leaflet by Whiting Corp. Bulletio ; 

Illustrated booklet describes » 
cleaning equipment offered 
Ruemelin Mfg. Co. Bulletin 360. 
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cive Your Plating and Finishing Room Problems 
to a LASALCO ENGINEER 





Here is a list of some of the equipment and supplies he has available to give you the right solution quickly. 
Plating Barrels: Sangamo Amperehour Meters Tripoli 






























g. 3 Utility, Bull's Eye, Richards Chandeysson Generators White Finish 
11 GE punishing Barrels Anodizing Equipment Chrome Composition 
Tumbling Barrels Magnesium Treating Equipment Emery Cake 
aG Cushioned Belt Grinders Descaling Equipment Grease Stick 
Electric Sawdust Tumblers Blackening Process Stainless Steel Composition 
ef Full Automatic Machines “Roto-Finishing’’ (Deburring) Crocus 
_ Semi-Automatic Machines Special Plating Machines to Anodes: 
dup Hard Chrome Equipment meet any requirement Nickel, Zinc, Gold, Copper 
in f GE Copper Oxide Rectifiers Buffs and Polishing Wheels Cadmium, Silver, Brass, Lead 
.. Complete Line of Chemicals and Supplies for Plating 
Nickel Salts DuPont Hi-Speed Copper Copper Wire 
Chromic Acid Lea Products Insulating Steam Joints 
Sodium Cyanide MacDermid Cleaners Rheostats 
Copper Cyanide Dipping Baskets Test Sets 
Zinc Cyanide, etc. Scratch Brushes : 
Scrub Brushes Plating Racks 
Cadalyte Cadmium Solution Sawdust Stop-Off Lacquers 
Zin-O-Lyte Zinc Solution Maizo Meal Rack Lacquers 
Write today for complete information — or ask a Lasalco Engineer to call. 


L A 45 A L Cc oO rf i a Cc = 2818-38 LaSalle St., St. Louis, Mo. 





nsax recta roors 


. ..-for EXTRUDING BARS, TUBING, SHAPES 
7 -». Of ALUMINUM, BRASS, COPPER, CUPRO NICKEL 


Manufacturers of smooth hammered and | 
_ a hydraulically pressed forgings, machined | 


program of air- and heat treated for all industries. 
plane production 





AJAX 
STEEL & FORGE 
COMPANY 


: 205 ADAIR STREET 
7 DETROIT 
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BELLEVUE 


1 sonal 
FURNACES 





@ In the construction of Bellevue 
Furnaces, painstaking consider- 
ation of the job to be done comes 
first. Every factor must be evalu- 
ated, every condition studied. 
Only then do Bellevue engineers 
attempt design and recommen- 
dation of furnace type. 


The soundness of that policy is 
being demonstrated in plant 
after plant. Hundreds of execu- 
tives im scores of varied com- 
panies have proved, to their own 
satisfaction, the efficiency, speed, 
high production level and oper- 
ating economies of Bellevues 
that were “‘designed”’ for the job. 


You, too, will find Bellevue ex- 
perience and facilities a profit- 


able investment for your own 
furnace needs. 


Send for full details. 


BELLEVGE 


INDUSTRIAL * 


FURNACE CO. 





2980 Bellevue Ave. 





Detroit, Mich. 





WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





MELTING @ CASTING @ MILL 
OPERATIONS 


Cradle furnace which produces a 
homogeneous gray iron of uniform 
chemical analysis, uniform tempera- 
ture and controlled carbon content 
is described by Whiting Corp. Bul- 
letin 357. 


Interesting and helpful informa- 
tion available on the use of alloy 
pots for heating operation by the 
— Crucible Steel Co. Bulletin 


Crucibles for brass, copper, alumi- 
num and magnesium industries. 
Electro Refractories and Alloys Corp. 
Bulletin 183. 


Ingot Production. Gathmann Engi- 
neering Co. Bulletin 185. 


Manganese-Titanium Steels. Tita- 
niuin Alloy Mfg. Co. Bulletin 184. 


“Electromet Products and Service’. 
we Metallurgical Co. Bulletin 
86. 


Chrom-X for steel mill and found- 
ry. Chromium Mining & Smelting 
Co. Bulletin 187. 


Lectromelt Furnaces. Pittsburgh 
oe Furnace Corp. Bulletin 


Electric Furnaces. Detroit Electric 
Furnace Div., Kuhlman Electric Co. 
Bulletin 189. 


Stroman crucible melting furnaces 
for aluminum and magnesium are 
described in leaflet by Stroman 
aaa & Engineering Co. Bulletin 


Operating Features, capacities, 
charging methods of the Heroult 
electric furnace. American Bridge 
Co. Bulletin 215. 


Chart for the correction of brasses 
for zinc loss should interest foundry- 
men. Foundry Services, Inc. Bul- 
letin 217. 


Coke oven plant construction and 
development in 1942 is described 
and illustrated in 12-page pamphlet 
by the Koppers Co. Bulletin 232. 


“Fisher Magnesium Scra ae 
Fisher Furnace Co. Bulletin 


Attractive booklet describes 
growth, facilities and offers valuable 
alloy hints. Niagara Falls Smelting 
& Refining Corp. Bulletin 246. 

Vertical centrifugal casting ma- 
chine for production of ferrous and 
nonferrous castings is described by 
Centrifugal Casting Machine Co. in 
Bulletin 315. 

Interesting, descriptive leaflet on 
metal reclaiming mill offered by 
ay = Engineering Corp. Bulle- 
tin 284. 





Use Handy Coupon on Page 577 

for Ordering Helpful Literature. 

Other Manufacturers’ Literature 

Listed on Pages 577, 578, 580, 582, 
584, 586 and 592. 
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BY HIGH FREQUENCY 
INDUCTION 






Producing Tod 
with 
Tomorrow's Meth 








FOR HEAT TREATING 


Accuracy . . . Heating time and 
temperature automatically con- 


trolled. 

Localizing . . . Only those areas 
requiring hardening are treated; 
Cam Surfaces, Gear Teeth, Ends 
or Center Portions of rods, ete. 
or entire pieces. 


FOR BRAZING 


Localizing . . . Heat applic 
only where metals are joined; 
heat application limited to ver 


narrow area. 


Appearance . . . Pieces are lel! 
practically free of scale, dis 
coloration and warpage. 

. Permits join- 


delicate 


Adaptability . . 
ing of intricate 
precision parts. 


and 


NOW SERVING 
LEADING WAR PLANTS 


Check this modern method for 
your heat treatment needs. 


5 ; Soadechon Veal Srey 


a) 
HEAT TREATING & BRAZING COW? 


250 WEST Sétn STREET, NE 
ANNEALING 50! 


DRI 







pRAZ 
HARDENING 














One Purpose +++ 





the MPRUVEMENT of metals 


DROP 


HESVEEL IMPROVEMENT & FORGE CO. 


FORGINGS 


Hummer Screen Bracket Forging must provide excep- 
tional resistance to extremely destructive vibratory stresses. 


by Forging 


Progress is continuous, inevitable. The further improvement 
of your product, for the post-victory period, will be achieved 
only by detecting and utilizing available ideas and experience for 
designing and producing its metal components. It is not the 
metals of which forgings are forged, but the ideas and experience, 
which come into action in forming forgings, that assure and 
sustain dependable performance. You should find it profitable 


to utilize the ideas and experience, which our forging engineers 


have gained, for the IMPROVEMENT OF METALS BY FORGING. 


958 East 64th Street CLEVELAND, OHIO 
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RESEARCH’S 
CONTRIBUTION 
TO THE 
WAR EFFORT 





7 of a Series of Timely Sug- 
gestions for Solving War Time 
Problems 


You may find the answer to your 
problems in the following list: 





Lubricating compound for drawing alu- 
minum. (139)* 


Lubricating compound for tin stamping 
which permits the stamping of lacquered 
metal without fracturing the coating. 


(140)* 


Rust prevention, lubrication and bright 
annealing of nickel alloy stampings are 
obtained by the application of a solution 
of a synthetic wax which gives a water 
resistant finish. On subsequently anneal- 
ing the stamping. the wax has a reducing 
action on the oxides and gives a very 
bright anneal. (157)* 


Both ferrous and non-ferrous surfaces 
can be protected trom tarnish and corre- 
sion by means of a special emulsion which 
is sprayed cold on to the desired parts to 


give a thin, transparent adhesive film. 
(159)* 
Nickel alloys are now being drawn, 


stamped or formed and then annealed with- 
out cleaning by means of a special water 
dispersible, wax-like synthetic. (177)* 


Foundry core application for producing 
smooth, non-brittle metal castings. (119) ”° 


Seal for joints and seams which is flex- 
ible, leak-proof, nun-cracking and resis- 
tant to benzol, gasoline, diesel oil, butane. 
propane, pentane and similar liquids and 
gases. (119)* 


* 


*See number in parentheses after each 
subject. Jot down and mail to us any 
number that interests you. We will send 
you data sheets about the chemicals and 
their uses. Answers to many other prob- 
lems in your 
112 page manual 
—which is yours for the asking. 


given in our 


Glyco” 


industry are 
“Chemicals by 


GLYCO PRODUCTS CO., INC. 
26 Court Street, Brooklyn 2, N. Y. 








WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





ENGINEERING @ APPLICA- 
TIONS @ PARTS 


Catalog gives complete specifica- 
tion data on Bunting bearings and 
bars. Bunting Brass & Bronze Co. 
Bulletin 343. 

Hleat treating fixtures for pit-type 
furnaces are shown in new booklet 
by Driver-Harris Co. Bulletin 363. 

Pressed steel pots are described by 
Bell & Gossett Co. in new Bulletin 
364. 

54-page booklet, “File 41—Engi- 
neering Data Sheets”, gives complete 
facts on Ampco Metal’s physical 
properties and service record. Bul- 
letin 368. 

New information sheets on tapered 
and formed tubes have just been 
issued by Summerill Tubing Co. Bul- 
letin 369. 

Chace manganese alloy No. 772 in 
sheets, strips, rod and special shapes 
described by W. M. Chace Co. Bul- 
letin 190. 

Duraspun Centrifugal Castings. 
Duraloy Co. Bulletin 194. 

Electrical, corrosion and heat re- 
sisting alloys in rod, wire, ribbon 
and strip forms. Wilbur B. Driver 
Co. Bulletin 192. 

Carburizing Rozes. 
Co. Bulletin 193. 

Meehanite Castings. Meechanite Re- 
search Institute. Bulletin 196. 

X-Ray Inspected Castings. Electro 
Alloys Co. Bulletin 197. 

Steel Castings. Chicago Steel Foun- 
dry Co. Bulletin 199. 

Ileat Resisting Alloys. General Al- 
loys Co. Bulletin 200. 

Pipes and Tubes. Michigan Steel 
Casting Co. Bulletin 201. 

Bimetals and Eleetrical Contacts. 
H. A. Wilson Company. Bulletin 202. 

Cr-Ni-Mo Steels. A. Finkl & Sons 
Co. Bulletin 203. 

Industrial baskets, crates, trays and 
fixtures. Rolock, Inc. Bulletin 204, 

Cooper standard alloys, Cooper 
Alloy Foundry Co. Bulletin 206. 

Alloy Castings. Ohio Steel Foundry 
Co. Bulletin 207. 

Flanges and other drop forgings. 
Ladish Drop Forge Co. Bulletin 221. 

Lead-base metals. Magnolia Metal 
Co. Bulletin 226. 

Many applications and savings 
ihrough use of drop forgings are 
shown in Drop Forging Topics, 
issued by Drop Forging Assn. Bul- 
letin 240. 

24-page catalog is guide to proper- 
ties and use of Monsanto plastics. 
Monsanto Chemical Co. Bulletin 319. 

Details of new Chemicast process 
for small brass parts will be supplied 
by Chemicast Div., Whip-Mix Corp. 
Bulletin 330. 


Pressed Steel 





Use Handy Coupon on Page 577 

for Ordering Helpful Literature. 

Other Manufacturers’ Literature 

Listed on Pages 577. 578, 580, 582, 
584, 586 and 588. 
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RESISTANT CASTING ce 
At Atlas your product will recein < 
Pine skill of foundrymen who for ak of 


twenty years have specialized in the cm 
ing of alloy steels. Every known moder 
facility is available for making the he 
est grade of stainless steel castings. " 


led 


intec 


correct analyses for your casting « & 
sured by Atlas metallurgists who to 
developed a most accurate metho © 
determining the necessary analyses. 


method of casting is dictated by ™® isa 
design of your product. Our engines I 
can assist you to a greater degree i! ™ wa i 

DeT-C 


are called when your product is in loy# 
form. Your inquiries are invited. 


Write for illustrated bulletin. 





» 


STAINLESS STEEL CASTING 


Division Atlas Foundry Co. 





TON, 
520 LYONS AVENUE IRVINGTON 










































New Products 


lographic Equipment 
Precision Scientific Co., 1736 
Springfield Ave., Chicago, will 
hibit working models at the 
ional Metal Congress and War 
sference Displays of “Precision- 
tt” metallographic equipment. 
» C. Jarrett, chief metallurgist 
American Hammered Piston Ring 
ision of Koppers Co., is retained 
consulting metallurgist, and the 
» will include apparatus orig- 
ily developed by Dr. Jarrett and 
merly marketed by himself. 


s Cooler Permits Improved 


nealing 

Annealing, drawing, tempering 
d stress relieving operations are 
d to be improved with the gas 
jer offered by Brown Fintube 
Elyria, O. Hot gases are with- 
wn from a furnace operating on 
heating cycle at temperatures 
aging from 1200 to 1600° F. and 
ssed through the cooler which 
luces their temperature to any 
sired level. Cooled gases are 
n passed into another furnace, 
rmitting the work in this furnace 
be annealed, drawn or stress 
ieved, at the exact temperature 
produce the physical qualities 
ired —in a non-oxidizing atmos- 
ere. These coolers consist of a 
nk of resistance-welded fintubes, 
led to headers at each end and 
inted in an insulated steel hous- 
r shell. 


ist Preventive 
\ new hard-drying rust pre- 
nlive providing a glossy, dry, thin 
His announced by E. F. Houghton 
\o., Philadelphia. This product, 
wn as Rust Veto 110A, is a light, 
ber-colored liquid applied by 


inch P : P - 
“SQ or spray. It dries in 25 to 


ir 
i 


and Services 


X-Ray Illuminator 

High intensity illuminator for 
examination of industrial X-ray 
films is announced by the Kelley- 
Koett Mfg. Co., 212 W. 4th St. 
Covington, Ky. Said to provide 
four times more illumination than 
heretofore available, it reveals film 
detail formerly missed, and enables 





the user to examine films of greater 
density with resultant improvement 


in radiographic contrast. View box 
is equipped with a Variac control 
which affords a increase 
in intensity by varying voltage from 
0 to 110 volts. 


stepless 


Stress-Relieving 

Designed for stress-relieving of 
armor-piercing shot in an Ohio 
ordnance plant, this continuous 
draw furnace is now one of a series 
of units constructed in various sizes, 
temperature ranges and capacities 
for general industry, by the Indus- 
trial Oven Engineering Co., 11621 
Detroit Ave., Cleveland. Furnace is 
built for temperature ranges up to 
900° F. and maintains this uni- 
formly to +3° throughout the 
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length, width and height of the 
work zone. Economy of operation 
results from efficiently designed air 
heater, duct and recirculation sys- 
tem. Unit illustrated is gas fired, 
but equipment for oil or electric 
heat is available. 


Furnace Temperature Control 

“Furnatron” control system to 
keep furnace temperature varia- 
tions to a minimum is offered by 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh. System combines 
a suitable thermocouple type of 
temperature controller with auto- 
matic electronic control of a satur- 
able reactor connected in _ the 
supply line of the furnace elements, 
thus automatically controlling the 
power input. 


Helium-Shielded Arc Welding 
Development of both manual and 
automatic arc-welding equipment 
specifically designed for the weld- 
ing of magnesium, magnesium 


alloys, aluminum and other high- 
strength light alloys under a protec- 





tive shield of helium gas, has been 
announced by C. I. MacGuflie, man- 
ager of General Electric’s electric 
welding division. Such equipment 
should greatly extend the use in 
war production of the lighter metals 
whose welding demands precise 
control of concentrated heat and 
protection of the molten metal from 
oxygen in the air. Filler metal is 
fed from one side, and are and pro- 
tective stream of helium comes 
down from above. Length of arc 
is held automatically by electronic 
control; stopping, starting and other 
movements by push-button control. 
Illustration shows a butt joint in 
%-in. magnesium plate welded at 
the rate of 24 in. per min. 
(More on page 608) 














New Products in providing precisely 
analytical work. By 
wide variation in excitation condi 
tions obtainable, either arc-like o1 
spark-like spectra, with all 

tions in between, may be had. 


Bonding Method 


Reanite Bonding 


Spectrographic Analysis 

Multisource electrical 
spectrographic analysis is an 
nounced by the Harry W. Dieter! 
Co., Detroit, and their associate 
firm, the Applied Research Labora 
tories of Glendale, Calif. It not 
only combines the functions of the 
conventional D.C, arc, A.C. arc, and 
high voltage condensed spark units. 


or ! 
unit fo varia 


Process fol! 


materials, with a bond often 


stronger than the materials them 
selves, and stronger than riveted or 


but it goes far beyond any of them 
controlled 
excitation, suitable for all types of 
virtue of the 


bonding metal to metal, or to other 
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CASTING ; “ 


STAINLESS STEEL 


oP 










AMA 
, 


Have you experignced difficulty in obtaining stainless 
steel castings in special @r “difficult shapes? 

Are you using forgingé or fabricated parts which might con- 
ceivably be cast—with Fonsequent savings in cost, man-hours 
and delivery tim 

If so, the changes arefwe can help you — as we have certain 
manfuacturers of mas@-produced equipment for airplanes — 
because, we have developed a truly remarkable method of cast- 
ing stainless steel, centrifugally. 

When you are in our neighborhood, why not drop in and let us 
show you what we have done for others (call UNionville 2-4123 for 
an appointment), Or, if yu can't get tn to see us, send a brief descrip- 
tion (or sketch) of the custings, fabricated parts or forgings which 
you now use, together with notes on any special requirements. 

We will tell you frankly what we can do for you. And, natur- 
ally, you will be under? no obligation. 


Fee is . => Ss “ia 
THE Orly ALLOY FOUNDR 
@ Laboratory control over raw materials 


and finished products. 
. both hand and mar 



















4) 
i 








y with AZZ THESE FACILITIES 


Jeaning . - ;, including 
. electrolytic finishing which 
leaves all surfaces bright. 
e@ Castings furnished rough, polished = 
fully machined . . . one ounce to two ons. 
@ X-ray and Gamma-ray inspection. 
@ Development of special alloys to meet 
unusual requirements. 
@ Technical consulting service. 






@ Dual foundry . . 
chine molding. 
@ Centrifugally-cast castings. . 
e@ Heat treating of castings up to six 
feet in size. ; 5 
@ Machine shop ..- - specially equippe 
for finishing stainless steel. 













THE Cooper ALLOY FOUNDRY CO. 


105 BLOY STREET . } = 8 8) 9 0B) are 8 2h, 8 2) -3-) 2 4 
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spot welded joints has hess 


nounced by the U. § § 

) » St 
Co., Akron, 0. Surfaces 4 
joined are brushed Sprayed 
dipped with Reanite After q 


mild heat and pressure are appli 
Joint is unaffected by fresh or 
water, is non-corrosive to met 
possesses excellent COrrosion reg 
ance in itself, and high 
strength. While the bond devel 
its maximum strength at roon , 
peratures, its strength over i te 
perature range of from —4q p | 
as high as 300° F. is substen: 
stronger than bonds 

conventional processes. 


diele t 


id 


obtained 





Thread-Tool Grinding Fixture 

Simple and unique threads 
grinding fixture for grinding | 
60° and 29° tool bits with extre: 
precision is announced by Rote 
H. Clark Co., Los Angeles. Fixtug 
has no graduated scales or pn 
parts; the machinist merely ; 











welc 


Igieviz 





















= 


the bit into the holder, tightens 
setscrew and places the fixture 
the grinder work table, resting 
the face which gives the desitt 
thread angle. This automatic 
holds the bit securely and prec 
at the desired angle to the grind 
wheel. Available in two sizes, @ 
of which takes all tool bits wi 
a % to %-in. range. 
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New Hard-Facing Alloys Ne ty 
Two new hard-facing alloys 

cobalt, chromium and tung 

have been announced by the St 

Co., Whittier, Calif. Both are ™ 

nished as welding rods for ™ 
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0 ~ 
acetylene weld-on. Stoody 1, ! 
harder of the two alloys, prow™ r: 
high resistance to abrasio®, ¢ = 








rosion and heat. Stoody ®* aa 
more ductile and vides ~ 
greater resistance to impact ™ 

, %-in. 7 





are supplied in *% ‘0 
diameters, in 14-in igths 
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, under one roof, the builder of welding 
ent is also one of the world’s largest 
Pioneers in production welding, PGH 

always led the way with new methods 

techniques as well as in designing for 
welded fabrication. 


The new P&H Production Welding Control 

System will be demonstrated at the Metal 

Show, Room 813, Palmer House, Chicago, 
Oct. 18-22, 1943. 














‘ge, PRODUCTION CONTROL 
| | SYSTEMS 
£ The P&H system of Production Welding 
4 Control can readily be applied to any of 
the basic methods of compensation to 
b accurate control of (1) costs, (2) procedures, (3) 
buction and (4) quality. Originated by P&H and 
by other large companies, it is the practical 
ton to production welding control. Literature 
equest. 


pmm™ D.C. ARC WELDERS 
E@§% All with single control and the new 
¥: 4g Visi-matic” calibration plate. All P&H 
ies arc welders are rated on the WSR 
' (Welding Service Range) basis, which 
you the exact amount of usable welding current. 
minimum to maximum, for each machine. 
eciues up to 600 amperes. 


A.C. ARC WELDERS 

A new series of industrial machines (for 

both intermittent and heavy duty 

service) with a wide range of capacities. 
7 All models provide the continuous, 
- tated arc which is so easy to control. The 
plete line includes models from 20 to 1200-ampere 
acity based on WSR ratings. 


ie 
— WELDING ELECTRODES 
“ Produced under rigid quality control in 
e one of America’s most modern electrode 
SSS: plants. All sizes and types for mainte- 


nance and repair work such as for hard 
surfacing, resistance to impact, wear, and abrasion. 


Also for welding stainless, 4-6% chrome steels, armor 
plates, etc., as well as all types of mild steel electrodes. 


Ky WELDING POSITIONERS 


A complete line of dual capacity weld- 
ing positioners up to 24,000 lbs. capaci- 
ty; power operated for handling various 
sizes and types of welded structures. 
New designs provide the utmost simplicity of opera- 
tion to facilitate production welding. Literature on 


request. 


are ELECTRIC HOISTS 

Used in welderies everywhere for the 
handling of steel, sub-assemblies, etc. 
All capacities up to 15 tons are made in 
three series of hoists which provide a 
variety of mountings to suit every need for lifting, 
lowering, or horizontal travel. Literature on request. 


OVERHEAD CRANES 

P&H is America’s largest builder of 

overhead cranes. Whether for heavy 

duty or for intermittent service, P&H 

builds a size and type exactly suited for 
each requirement. You can count on P&H’s honest 
delivery dates. 

General Offices: 


4549 West National Avenue, Milwaukee 14, Wisconsin 


HARNIS CHEEGER 








\__ AiG WELDERS - EXCAVATORS - ELECTING CRANES W@OTORS - HOISTS - WELDING ELECTRODES 
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New Products 


Heat Exchanger 

For maintaining constant tem- 
peratures in industrial liquids, with 
automatic control, announced by 
Niagara Blower Co., 6 E. 45th St., 
New York 17, N. Y. It is an evap- 
orative type of liquid cooling unit 
using a water spray and fans to 
draw air over coils containing the 
liquid whose temperature is to be 
controlled, and is accomplished 


with the Aero Heat Exchanger by 
using either a steam coil or injector 
or an electric heating unit to heat 
the spray water. 


Expansion 

Cooper Alloy Foundry Co., Hill- 
side, N. J., has completed a new 
plant to make centrifugally-cast 
alloy castings for aircraft and other 
services. 


New Welding Positioners 
Newly-designed line of welding 
positioners by Harnischfeger Corp., 








Slomin High Speed Electrolytic Analyzers 


The rapid acceptance of this instru- 
ment for metallurgical analysis is 
outstanding endorsement of its proven 
ability and consistent reliability. Over 
700 Slomin Analyzers are now in use in 
metallurgical laboratories. 

Electrode design, current efficiency 
and improved procedures reduce deposi- 
tion time formerly required by other 
systems as much as 25 to 40%. Under 
these high speed conditions hard, smooth, 
bright and closely grained deposits that 
firmly adhere to the electrodes are pro- 
duced, thus assuring good reproducibil- 
ity of results. Users report an accuracy 
of 0.01 to 0.04% for routine deter- 
minations. 

Each model is portable and enclosed 












in a welded steel case finished in acid 
resistant baked white enamel. The 
brushless motor is vapor tight and is 
therefore unaffected by corrosive fumes. 

Both models have an electrically 
heated, rheostat controlled beaker plat- 
form for adjusting solution tempera- 
tures, and voltmeters and ammeters so 
that detailed studies can be made. 

Each position of the two place ana- 
lyzer is a complete circuit that operates 
independently of the other. Conse- 
quently this unit can be used for the 
simultaneous determination of two 
samples having widely divergent char- 
acteristics. 

A laboratory manual of high speed 
electrolytic methods of analysis written 
by G. W. Slomin is sup- 
plied with each analyzer. 
Individual copies are 
available at $1.50 each. 
@ S$-29460 Slomin Electro- 
lytic Analyzer. One position. 
S Ampere Model, with Heat- 
ing Plate. For operation from 
115 volt, 60 cycle circuits. 
Each $155.00 
@ $-29462 Ditto. But for 
operation from 230 volts, 60 
cycle circuits. Each $160.00 
@ S$-29465 Slomin Electro- 
—_ Analyzer. Two posi- 

5 Ampere Model with 
Heating Plate. For operation 
from 115 volt, 60 cycle cir- 
cuits. Each 75. 
@ $-29467 Ditto. But for 


operation from 230 volts, 60 
cycle circuits. Each $285.00 
HIGH SPEED ' 
ELECTRODES FOR USE * 
WITH SLOMIN ELEC- ; 
TROLYTIC ANALYZERS 4 
© $-29632 Cor " 
Platinum Anode (Patent | 
pending). Price subject to 
market. 
@ 5-29672 Corrugated t 
Platinum Cathode (Pat- i 
ent pending). Price sub- 
ject to market. \ 


Literature on Request 


E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, IIl. 
Michigan Division: 1959 E, 


Jefferson, Detroit, Mich. 














Milwaukee 14, Wis. has gp 

Penis > rea 
adaptability and ease of operatic 
thus giving more actual are time 
production lines. One feature 
the dual capacity rating of cag 
model. For example, the WP. 
the 6000-Ib. class, handles joags , 
to 6000 Ib. maximum and also has 
secondary capacity of 9999 | 
Standard models ar being made 
dual capacities up to 24,000 |) as 
all models are supplied for 4/ 
D.C. current. 

















New Chemical Stoneware 
A new chemical stoneware ; 
withstands violent thermal sho 
has been announced by U. §. § 
ware Co., Akron, 0. Know 
“Ceratherm 500”, it is said ; 
the first low-porosity cheni 
stoneware that can be heated 
direct steam or hot gases, and | 











































can be cooled quickly. It 
production on such items as (a 
crocks, boiling kettles, mixing 
tles, cooling and condensing ¢ 
evaporating dishes, pumps, * 
and pipe. Materials used ar 
non-critical, and priorities are" 
necessarily a pre-requisite t 
“Ceratherm 500”. 














Oil Re-Conditioner 








Developed by the Sparkler . 
Co., Mundelein, Ill., this is 4° 
plete oil treating, filtering 2° 
conditioning machine, esPe™ 
designed for reconditioning -_ 
grinding, and honing S: 
should be heated and sterilized ° 





fore filtering. It 1s claimed 
sulphonated oils, lard oils, eee 
ing oils and man) others os 
restored to their « ginal efficien¢ 
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Editorial 





Critical Points 


By The Editor 


Edge on Bombers 


HE ENGINEER, the old reliable British weekly, 

recently printed editorially an analysis of 
enemy aircraft losses from which the following 
comfortable statistics are taken, admittedly in 
round numbers: 


Average present daily loss to Axis on 

eastern front 50 
Average present daily loss in 

Mediterranean area 50 
Estimated daily loss on ground 

and flying accidents 50 


Total loss to Axis: 150 per day 
Production rate of Axis in Europe 

in 1942, per day 100 
Loss in daily production rate by 


bombed-out factories 30 


70 per day 
80 per day 


Present daily production 
Net wastage of Axis aircraft 
American production, alone, of 


combat aircraft, per day 200 plus 


(Buy more bonds, and build more bombers !) 


esas Robert Mitchell Co.’s model foundry in 

Montreal all converted from casting hard 
industrial jobs in alloy iron and bronze to harder 
aircraft jobs in magnesium and aluminum, and 
enforcing all special precautions shown in April 
1942 in Metal Progress’ notable pictures of Dow’s 
magnesium foundry. Radiography has here 
become the prime method 
of quality control; when 
gross defects are suspected 
or found on films, the entire 
heat is examined and culled 
under a fluoroscope, thus 
reserving the films for pieces apparently sound. 
The device is simple; a hand-operated belt car- 
ries the castings into the lead-lined chamber 
under a 220,000-volt Westinghouse tube, the cast- 
‘ngs are manipulated by metal fingers passing 


X-ray control 
of magnesium 
foundry 


through the walls, and the image safely viewed 
through a lead glass window and mirror combi- 
nation .... Marc Cuicorne, assistant metallur- 
gist, emphasized the value of corrugated iron or 
bronze chills for avoiding porosity in the cast- 
ings; prior to placing in the molds they are 
cleaned and roughened by sand blasting. Hun- 
dreds of special shapes are stored against use 
in individual bins. Also impressed by the great 
number of neatly uniformed girls in the core and 
finishing departments; about as much time is 
given to slicking up the baked cores as to the 
finished castings. 


VEN LARGER numbers of women (although 

in costumes of a different color) operate the 
press lines in Mitchell’s artillery cartridge plant, 
recently erected. Each press is served by a team; 
one girl dips the disk or cup in slushing com- 
pound and places it in the feeder slide, and the 
other operates the feeder lever and trips the press 

to a steady rhythm, 30 a minute, and the long 
straight line of powerful presses all surging into 
action makes one huge swinging hammer of 
Thor beating endlessly . . . . Two operations — 
indenting the bottom of the half- 
drawn case, and heading the base 
into its final shape—are per- 
formed on presses with three- 
position tools, one for loading, 
one for pressing, one for ejecting; 
position No. 1 was fed automatically until sev- 
eral tools were broken by improperly seated 
work .... Discussed with ALAN JOHNSON, engi- 
neer of the cartridge case division, the problem 
of an entirely automatic shell plant. It seems 
that mechanical feeders are far from faultless, 
and mis-adjustments would slow down the opera- 
tion of a press line considerably unless more 
positive mechanisms could be devised. One great 
gain has resulted from a revision in the pickling 
machinery, substituting for the dip tank a con- 


A million 
rounds 
per month 
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veyor line carrying the cartridge past a series of 
acid and wash water sprays, internal and exter- 
nal. (Oh, for a bright anneal! — or do we need 
a little roughness to hold the drawing lubri- 
cants?) Gaging machinery ought to help too, for 
long lines of dextrous girls now measure each 
cartridge ten ways, much of this work being 
repeated a few minutes later by government 
inspectors .... Inspection department insists on 
music while you work, and methinks that almost 
any tune from Palestrina to Pasternak would 
relieve the day-long monotony of go, no-go, go, 
no-go, go, no-go. Physical inspection is confined 
to an hourly selection of a single case whose 
Vickers hardness is measured end to end (with 
no interior anvil or plug except at the mouth). 
No definite specification exists, but the curve 
always falls within a narrow band. Seemingly 
the various anneals of the entire cup, of the 
skirt and finally of the mouth are balanced 
against the amount of cold work in each of the 
dies so that disks originally of proper composi- 
tion and grain size end up with correct physicals 
for safe firing. 


LIMPSED an entirely new viewpoint of tool- 

making at the brand new Westmount Tool 
Works in Montreal, making tools for an ammu- 
nition program turning out more in a single 
month than Canada produced during the entire 
first world war. For such production it was 
apparent that many thousands of punches, dies 
and gages must be made daily. From the estab- 


lished peacetime ammunition works of Canadiay 
Industries Limited came a few toolmakers wh, 
were skilled artisans, even artists, and the prob- 
lem was to multiply their skill a hundred-fo\g 
GeorGE Scott, past chairman of Montreal Chap. 
ter ©, retired after making telephone equipment 
for 40 years in the tooling department of North 
ern Electric, was “dug out” and shared in this 
job, ably aided by HerBert Opp, one time in the 
gage division of the National Physical Labors. 
tory in England. Neithe; 
these men was an ammunitiop 
maker, so they looked upon 
cartridge drawing die not as 
craftsman’s product but as 
metal part of accurate shay 
and high hardness. If they were correct in this 
viewpoint, such a die could be produced inter- 
changeably in quantity like a roller bearing rac: 
or any other precise machine part... .Once tha! 


Tools made 
in mass 
production 


idea was adopted it was necessary to make acev- 
rate drawings of each of the 229 tools required | 
make a round of 0.303-caliber ammunition, and 
to decide what dimensional variations could b 
tolerated narrow enough so that the manufa 
tured part would function correctly, yet broad 
enough so the tool could be made on moder 
screw machines, turret lathes and grinders. Whi 
the shape of the cartridge or bullet jacket in its 
various stages was copied from the shape 
acquired from experience, the actual tools wer 
frequently redesigned to remove useless excres 
cences and to adapt them to improved arsena 


A Few 2000-Hp. Engines, Made by Buick, for Consolidated B-24 (‘Liberator’) Bombers 














machinery ...Next— in view of the certainty 
that these tools must be made by workmen who 
were not even machinists, let alone toolmakers — 
, series of operational drawings was made for 
each tool, showing in detail every step in its 
metamorphosis from the hot rolled steel bar. 
These documents are mounted at the various 
machine tools to show the operator exactly what 
he is to do.) That staggering designing and 
jrafting job under way, not only for 0.303 ammu- 
sition but for four other calibers, machine tools 
were assembled in real production lines, one for 
punches, one for heading dies, one for forming 
dies, one for drawing dies, and another for mis- 
cellaneous tools. (Production lines even for gages 
are now being set up.) . .. .Generally speaking, the 
steps are about the same in each tool line: (a) 
Prepare the stock, (6) machine, usually in screw 
machines, (c) finish in turret lathes or “second 
eration” machines, (d) quench from controlled 
iimosphere, (e) machine grind, (f) finish by 
lapping, hand polishing and buffing. Individual 
inspection is instituted after each step except the 
lirst, often requiring ingenious gages and many 
ptical comparators, and here is where production 
control must be ever vigilant, to search out and 
correct the cause immediately any undue propor- 
tion of rejects appears... .All this work has been 
completed in about two years (actual production 
ff certain parts started within a month). There 
ire practically no machinists working on pro- 
luction operations —a high percentage of the 

workmen are in fact young 


Wear and women who had never been 
breakage closer to machinery than to a 
steadil Singer or a Hoover, and who 
a "y graduate to an automatic after 
decreasing a brief course of intensive train- 


ing for the particular job.... 

As to the quality of Westmount’s tools, this was 
amply proven during a trip through the Verdun 
ammunition plant, when D. Cameron, plant 
metallurgist, said that the consumption of tools 
was steadily dropping. This, also, for precise 
ammunition, much of it used in aircraft where 
the seatter of hits at 600 yd. must be very small 
‘technically expressed as an “8-in. figure of 
merit”, Other evidence of tool quality comes 
from the recent change from cupro-nickel bullet 
Jackets to steel clad with gilding metal; produc- 
ion Was easily maintained with no changes other 
than to correct for larger spring-back . . . . Steels 
used at Westmount Tool Works must be machin- 
able in automatics: they are mostly plain high 
carbon toolsteels for punches and 1.25% tung- 
sten toolsteels for wear-resisting dies — thus also 
“onserving strategic alloying elements. One 
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unsolved problem is warpage of long punches 
during heat treating. Many quenching schemes 
have been tried; current is Tocco hardening by 
lowering vertically through a short inductor, 
rotating the punch so variations in the quenching 
spray are equalized. 


NEW DEPARTMENT in Montreal’s Dominion 
Engineering Works (staff almost entirely 
feminine) is making end bearing races for alumi- 
num propellers for aircraft. These bearings are 
of a molybdenum high speed steel, for the part is 
attached to an aluminum forging 
and the aluminum forging is later 


Bearin 
ir heat treated, through which the 
races © bearing must retain its hardness. 


high speed Received as short lengths of 
thick-walled tubing, a dozen flat 
rings are parted from each by high speed abrasive 
wheels. Machined to shape they are heat treated 
in atmosphere furnaces, and finally ground. Elec- 
trolytic etching of a small spot is necessary to 
check the hardened structure microscopically for 
freedom from segregated carbide. And, oh yes, 


100% magnaflux. 


NCE UPON A TIME a nation which was at 
O war wanted a bigger and better engine to 
fly bigger bombers further, and to wreck devasta- 
tion on its enemies, but the engine manufacturer 
looked over his technicians and found no one who 
knew much about engine bearings other than 
how to install them, so he telephoned to the boss 
of the leading bearing factory and said, “Behold, 
we need bigger and better bearings but know not 
how to get them other than to tell you what we 
need.” So the engineers and metallurgists at the 
bearing factory pooled their lifetime experience in 
making good bearings and shortly 
thereafter delivered bearings that 


A fable 
excelled anything they had ever 
(not so . a : 
made before. Thereupon the pro- 
fabulous duction of bigger and better bomber 
either) engines waxed, to the great dis- 


comfiture of Tojo and Hitler and 
to the utter dissolution of Mussolini, until one 
day an inspector arose from among the multitude 
and said, “Hold, it is not meet, nor according to 
specification which sayeth that aircraft bearings 
must have 20% of lead, no more than 22% nor 
less than 19%.” And the production of bigger 
bomber engines forthwith was stopped, for lack 
of bearings which contained that much lead, no 
more, no less. 
Moral — Never forget that it is politically 


safer to meet a specification than it is to deliver 
the goods. 











Putting on the Finishing Touches, Just Before Launching 
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Constant Heating Rate Control 
by the Thermocouple-Rectifier Bias Principle 


By R. J. Smith 
Assistant Professor of Metallurgical Engineering 
Michigan College of Mining & Technology, Houghton, Mich. 


HE CONSTANT ENDEAVOR of researchers 

and scientists in commercial and college labo- 
ratories to develop new ideas, processes and mate- 
rials and to produce better equipment has led to 
the development of various types of equipment 
designed to eliminate, as nearly as possible, all 
variables which have a bearing on the results of 
research. A typical example of a_ successful 
development is the control of constant tempera- 
ture by various commercial thermostats and con- 
trollers based on the “on-off” or the “bias” 
principle. Such control is claiming the attention 
of researchers in the field of physics, physical 
chemistry and physical metallurgy. As one exam- 
ple of the utility to researchers, the advantages 
to be gained in thermal analysis by the changes 
in physical properties as temperature changes at 
a constant rate are obvious. 

Various devices, some ingenious, have been 
invented to approach or obtain constant heating 
and cooling rates. The principle of operation 
has varied from the resistance control of amper- 
age (as in the simple resistor-furnace combina- 
tion) to the grid bias control of amperage through 
an electronic tube (as in the thyratron tube for 
the same purpose). Even the on-off control of 
amperage to a furnace has met with considerable 
success for furnaces with greater heat capacity, 
as in the program control of commercial equip- 
ment described in the literature published by 
instrument companies such as Wheelco Instru- 
ments Co, and Leeds and Northrup Co. 

The disadvantages of the variable resistance 
for the control of the amperage-temperature rela- 
tion are that manual control must be initiated 
and that a specific resistor must be wound for 
each furnace and each heating rate of that 
furnace 

Some of the disadvantages have been elim- 
inated by the Chevenard application of the “hot 


wire” ammeter to the control of temperature rate 
of change, as recommended by C. T. Eddy, head 
of the department of metallurgy at Michigan Col- 
lege of Mining and Technology. (See Jnstruments 
for July 1935.) However, this method has the 
three distinct disadvantages that it requires a set 
of time-temperature-amperage calibration curves 
for each furnace, that the sensitivity decreases 
to some extent at low amperages, and that the 
furnace load varies the above calibration. 

The method described by Frank Adcock in 
Journal of Scientific Instruments for 1935, based 
on the control of the grid bias of a thyratron con- 
trolling tube by a potential divider acting against 
a thermocouple welded to the furnace heater 
element, is a step forward in the control of heat- 
ing rate by a furnace-resistor series. The main 
disadvantages of his method are the complexity 
of operation and the tendency toward overshoot- 
ing, which causes a ragged heating curve, though 
progressing in a straight direction. 

Several other instruments have been designed 
to operate on the potential-divider principle, with 
the thermocouple in the heating chamber. (See 
The Iron Age for Nov. 5, 1942.) These methods 
all have the outstanding disadvantage of over- 
shooting, except where large furnaces are used. 
These furnaces are usually too large for research 
purposes and are not versatile as regards the 
range of heating or cooling rate control. 

A method has been devised at this institution 
for the control of heating and cooling rate which 
is based upon the combined principles of the rec- 
tifier ammeter (for anticipation of power change) 
and the thermocouple (for initiating power 
equipment to produce temperature change). 
Either millivoltmeter or potentiometric equip- 
ment may be used to control power controlling 
equipment such as resistors or auto-transformers. 
However, in the explanation of this principle to 


October, 1943; Page 613 












I 
1 


9 
3 
4 












10 
11 
12 







13 
14 
15 
16 







17 
18 
19 
20 
21 








9 9 








23 













egend for All Diagrams 


Resistance furnace 
Shunt 

Step-up transformer 
Full wave bridge recti- 
fier. 

Auto transformer 
Clutch wheel 

Couple, chromel-alumel 
DP-DT reversing or lim- 
iting relay switch 

Gear reduced synchro- 
nous motor 
Temperature limit cam 
Potentiometer controller 
Step-down relay trans- 
former 

Series reversing motor 
Relay switch 

Relay coils 

DP-DT switch operated 
from relay coils 
Resistor 

Screw 

Main power line shunt 
Ammeter 

Limit switches, 
mally closed 
-Worm-rotated contact 
arm upon which are 
mounted H-C, L-C and 
the release contacts for 
neutral position 
Synchronous motor and 
cam for operating chop- 
per bar 

DP-DT relay switch for 
operaling H-C-L of re- 
lay coils 15 
—Temperature scale, 0 to 
1200° C. 
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Fig. 1 — Circuit Diagram of Heating Rate Controller, In- 


corporating an Altered Automatic Potentiometric Pyrometer 


be given below, only the poten- 


tiometric circuit will be dis- 
cussed in detail. 
The electrical circuit used 


in the potentiometric method is 
shown in Fig. 1. The operation 
of this apparatus for a heating 
curve is as follows: 





















































Fig. 2 - 


Circuit Diagram of Heating Rate Controller, In- 
corporating Mechanically Operated Millivoltmeter Pyrometer 
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Knowing the approximate fu 
load wattage of the furnace 7, th 
shunt 2 to the a.c. primary of th 
rectifier transformer 3 is set to sup- 
ply about 12 millivolts from th: 
rectifier 4 at the above wattage 
(This resistor has previously bee 
calibrated in watts, so that th 
adjustment is merely a matter o! 
an initial setting.) The contacto: 
of the auto-transformer 5 is the: 
set to the lower voltage end. Th 
clutch wheel 6 is moved closer to 0! 
further from the center of the 
clutch plate, depending on the heal 
ing rate desired. This clutch whee 
likewise has previously been cali 
brated for heating rate in degrees 
per minute, so that only an initial 
adjustment is necessary 
in this instrument this 
calibration is for 
chromel-alumel couple / 
The reversing or lim! 
switch 8 is now 
on and adjusted to caus 
the gear-reduced sy® 
chronous motor § t 
rotate the clutch wheel 6 
in the proper direction 
for heating. At the sam 
time the desired temper 
ture limit or revers!"s 


turned 








temperature may be adjusted on the cam 10. 

The controller 17 (previously standardized 
qainst the standard cell), the relay transformer 
12. the series reversing motor 73 and the power 
to the auto-transformer 5 are turned on. The 
contactor arm of clutch plate 6 is now adjusted 
to neutral position on relay switch 14. Thence- 
forward the operation is automatic. 

As the contactor arm of the clutch plate 6 is 
rotated at the desired rate, the low and common 
contacts of relay switch 74 make contact, energiz- 
ing one of the relay coils 15. This coil in turn 
closes the double-pole, double-throw switch shown 
at 16 and thus energizes the motor 13 (whose 
speed is governed by the resistor 17). The motor, 
acting through the screw 18, moves the contactor 
of the auto-transformer to a point where the 
potential supplied by the rectifier 4 


— 


plus the thermocouple 7 causes the 


series motor 13 to establish neutral position of 
the relay switch 14 sooner. When the auto- 
transformer assumes zero potential position the 
cooling rate can no longer be maintained unless 
artificial cooling mechanisms are incorporated. 

For constant temperature control the furnace 
is brought up to temperature and the clutch wheel 
plate 6 adjusted to neutral position; however, for 
this operation the synchronous motor 9 is not 
utilized. The advantage of this type of constant 
temperature control is that the furnace is oper- 
ated on a bias amperage supply as demanded by 
the thermocouple-rectifier combination. 

The normally closed limit switches 27 are 
used to stop the motor 73 when the zero and 115- 
volt limits of the auto-transformer are reached. 

Similarly, Fig. 2 is a circuit diagram of an 











controller shaft to rotate, thus 














restoring the neutral position of the 
relay switch 74. As the thermo- 
couple 7 — which is usually placed 
against the side of the muffle or 
core for convenience of research 
operation and sensitivity of control 

begins to heat, the controller 
shaft is moved so that the high 
and common contacts of the relay 
switch 74 are shorted, thus revers- 























ing the motor 73 and decreasing the 
power to the furnace to such a point 
that the neutral position of the 
relay switch 74 is again established. 
Line voltage variations are simi- 
larly compensated for, the sensitive 
element being the combined shunts 
2 and 79, transformer 3, and recti- 
fier 4 assembly, whose immediate 
response affects the controller 11 





























which, through the relay system, 
corrects for the variation before the 
thermocouple is affected. The 
ammeter 20 is a valuable aid in 
adjusting the apparatus when starting from mid- 
temperature ranges or when starting with a fur- 
nace whose characteristics are unknown. 

For changing the heating rate during a run, 
adjusting of the clutch wheel 6 is all that is 
hecessary. 

When the temperature limit of the run is 
reached, motor 9 is reversed manually or by pre- 
adjustment of the cam 10 which operates the 
reversing relay 8. If the amperage change to the 


‘urnace in this operation is large, the position of 
the auto-transformer contactor is manually 
shifted to give lower voltage, thus aiding the 


Fig. 3— Circuit Diagram of Heating Rate Controller, Incorpo- 
rating Millivoltmeter Pyrometer of the Capacitance Control Type 


apparatus using a mechanically operated milli- 
voltmeter instrument as the controlling device. 
Figure 3 represents a circuit diagram of a similar 
apparatus incorporating a millivoltmeter instru- 
ment of the capacitance control type as the con- 
trolling mechanism. For constant temperature 
control, or constant temperature change control, 
the rectifier bias principle may also be used in 
conjunction with resistance thermometers, ther- 
mopiles, or any other device which gives almost 
lineal electrical variation with temperature. 

All three of the instruments illustrated are 
based on the same fundamental principle — 
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Fig. 4 — Heating and Cooling Curve of 660- 
Watt Furnace With the Improved Program 
Control. Load: 2-gram specimen of S.A. 
1035. Purpose: Determination of Ac, and Ar, 
transformations at temperature change of 3.1° C. 
per min. (Time scale is 1 division equals 10 min.) 
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namely, the smooth control of power by the bias 
action of the rectifier of the rectifier-thermocoup\. 
assembly. A brief study of the circuits of Fig. 9 
and 3 will show their similarity. 

In our working model the only wires attached 
to the instrument cabinet are the flexible cord from 
the power socket, the flexible extension leads to the 
couple of the furnace, and the leads carrying th 
controlled power to the furnace. 

The following advantages reside in the thermo. 
couple-rectifier bias principle for control of heating 
and cooling rate: 

1, Either converted potentiometric or milliyol. 
meter instruments may be used for controller 

2. Smooth control of temperature change 
results from the immediate response to power chang, 
of the shunt-rectifier of the rectifier-thermocoup| 
combination. Speed control of the reversing moto: 
governs the sensitivity of response; however, to 


e 


much speed tends to cause over-shooting and thus 
to cause continuous searching. 

3. The thermocouple may be inserted at any 
convenient place in the hotter part of the furnace 
preferably against the core wall. 

4. Changes in the heat capacity of the load | 
different heats are automatically compensated for 

5. Any furnace within the power capacity 
the auto-transformer may be employed witho 
previous calibration. 

6. Rate of temperature change may be varied 
during a run by a simple clutch wheel adjustment 

7. The instrument can hold temperature stead; 
within the temperature range of the controller 

The disadvantages are that: 

1. On cooling, the rectifier response of 
rectifier-thermocouple combination is very small 4 
near-zero furnace amperages. However, in this 
small interval of temperature the search of the con- 
troller and reversing motor when the controller 
working mainly from thermocouple potential 
sufficiently accurate, since the cooling rate can ! 
longer be controlled after the zero potential limit 
the auto-transformer is reached. Designing shallov 
insulation furnaces of higher power input mat 
rially lowers the useful temperature contro! rang 
when cooling. 

2. Since the apparatus is designed for ve! 
versatile operation, program control would be ™ 
difficult, although not impossible. 

A time-temperature curve for a 600-watt «i! 
tometer furnace is shown alongside. 

Acknowledgment — The author 
express his appreciation to Robert Dorr, metallur- 
gical assistant, and to members of the metallurgic 
research laboratory, Michigan College o! Mining and 
Technology, for the criticism offered and assistance’ 
rendered in this development. 6 
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Bits and Pieces 





Spot Tests for Copper Alloys 


Epitor’s Note: The “Bits and Pieces” 
jepartment in Metal Progress has proven so popu- 
or that a good many desirable notes have 
cumulated. However, keep them coming an 
\SM book of your choice for a publishable item! 

It has also been suggested that a column be 
leyoted to “Things We Don’t Know”, but this 
would certainly take more than a column. How- 
ever here’s one: 

How about spot tests for brasses and bronzes, 
. detect incidental elements like lead, iron, 
nickel, or even to estimate the tin content. The 
nly one the questioner knows about is a test for 
phosphorus in arsenic-free copper. If a 10% 
HCl + 10% FeCl, solution gives a dark stain, it 
means “yes”. 

Anyone know any others? 


Precision of Pyrometers 


ALVIN COOLIDGE once said: “When a great 

many people are unable to find work, unem- 
ployment results.” With equal painful regard 
lor the truth, we may comment on the precision 
if temperature demanded for heat treating opera- 
tions as follows: “The temperature used for a 
given heat treating operation must be as precise 
s necessary to carry out that operation suc- 
essfully.” 

Because this sage observation may not be 
cepted as definitive by some skeptics, a little 
elaboration is in order. 

There are two elements involved in measur- 
ng the temperature during a heat treating opera- 
‘ion, the accuracy of the pyrometric system used, 
ind the accuracy with which it is applied (that is, 
the care that is taken to see that the temperature 
served is the temperature of the work). 

First things first: 

Thermocouples may show a deviation at 
‘000° F. of + 10° from the truth; the error 
usually is less, and is usually proportional to the 
‘emperature. When a couple is carefully cali- 
‘rated before use, allowance can be made for this 
thermo-electric error. Modern potentiometric 
/Yrometers — that is, the indicating and control 
mechanism — will be accurate to closer than ly % 


when properly cared for, usually about %4%, or 
say + 5° at 1500° F. The entire heat measuring 
system should be accurate, then, to closer than 
+ 15° at 1500°, and, since the errors are rarely 
maximum and not always in the same direction, 
+ 8° at 1500° F. (or + 5° at 1000° F.) is a reason- 
able accuracy for this factor. 

There are few if any operations on steel 
which require anything like this precision. In 
this day of grain-growth-controlled steels, hard- 
ening temperatures may be from 25 to 150° above 
Ae, with safety; annealing, normalizing, temper- 
ing, carburizing temperatures are certainly not 
critical to closer than + 15° if repeatedly held. 
(Most heat treatments are set up on the basis of 
repetitive success, not the absolute temperature 
level of precise experimentation.) 

Solution treatment of the light alloys of 
aluminum and magnesium requires good but not 
difficult precision. For 24S, for example, a range 
of 910 to 930° is stipulated. One may suspect 
that if highly accurate temperature control were 
employed, the upper limit could be set at 950”. 

METALLURGICUS 


Weights of Tubing 


E NOTE on page 97 of the July 1943 issue 

of Metal Progress a note from William H. 
Cramer regarding the weights of tubing. The 
author states there may be such a formula as he 
presents, but that he has never seen it in a 
handbook. 

For the past 30 or 40 years, the National 
Tube Co.’s Pipe Standards Handbook and Shelby 
Steel Tube Handbook have used the formula given 
below for weights of steel tubing: 


W equals 10.680158 (D — t)t 


The constant in this formula is based on the 
weight of steel as 0.2833 lb. per cu.in. Since this 
National Tube Co. formula has been used almost 
universally for many years in calculating the 
weight of steel tubing, we believe the slightly 
different formula given in Mr. Cramer's note may 
cause some confusion, as his would give a weight 
approximately 1% less than that which has been 
so long a virtual standard. (E. C. Warauieunr, 
Assistant to President, National Tube Co.) 
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cement.) Paper of the desired length ws 
15 in. wide and accurately folded « 


Handling Film for Radiography 


; that tw 
BOUT five years ago we developed some ideas overlapping flaps covered a 5-in. wide recept: 


t | 


on the handling of film for radiographic test- Edges and sealing areas were covered with adhe 
ing that have enabled us to do much field work sive tape. This exposure holder was loaded tt 
with greater expedition. We had gotten tired of screens made of 5-in. wide tin-coated lead or | 
using medical film, 14 by 17 in. maximum size, antimony-lead. Hard rolled aluminum show 


when inspecting long seams on pressure equip- about 0.008 in. thick served to stiffen the 
ment, with the attendant troubles in identifica- | assembly, an expedient found necessary espe 
when the soft pure lead, tinned, was yeu 


screening material. 


ents 


tion, edge overlap, and matching. Using radium 

as a source, centrally located within a pipe or 

vessel, it was apparent that a long roll of film The loaded exposure holder or casseti, 
then placed around the pipe which carried gy 
identification figures and penetrameters 
desired. Only 2 in. overlap was necessary, Fy 
sure was then made in the regular manner 
figure shows an exposure holder held firy 
place by a stout cord with heavy rubber 
take-up. In field work, such fastening has serves 
to hold cassettes in place without fail for mam 
hours. The fixture for holding and centering 
radium is in place at the left. In one emerg 
purchase of kodak and movie film in 4 
photographic supply store saved severa 
delay, and produced adequate X-ographs 
ANDER GoBus, Metallurgist, Sam Tour & © 


Preventing Quench Cracks in Toolsted 


NE SOURCE of trouble in heat treatm 

high speed tools comes from sawing | 
old tool or splitting a larger bar down its 
It is far better to forge the bigger piece ab 
size and so keep the segregate in the 
Center segregate, appearing on the surfac 
likely cause of cracks. 

Decarburized surfaces also cause crac 
my experience. Much toolsteel has it, unless 
to ,, has been machined from the surlace 
treated in controlled atmosphere or salt bat! 

The worse the steel warps, the more it ct 
To minimize warpage I like a double | 

soak at 1000° and at 1525° F.). Air blast que 


is fine for most high speed, and also helps 


could be wound clear around the object, and one I, 


down warpage and segregate cracks 


exposure would suffice. rire = , 
V. Cu1ovare, Tool and Die Hardener, |! 


It was decided that it would be most desir- 
able to obtain film of some width convenient to 
the maker, in rolls 50 or 100 ft. long. Film could 
then be cut to the length desired for each Determining Chromium in Alloy Steel 
exposure. However, no exposure holders or proc- 
essing fixtures were available so both had to be a running chromium on a /0! - . Ren 
devised and constructed. It was likewise neces- steels, certain ones, noticeably nitralle) Bad 
sary to obtain screens. some 52100 samples, do not dissolve comp™ Fla 

For holders, ordinary heavy black paper was after the nitric acid addition. It 
obtained, 36 in. square. (Where longer holders the practice to re-weigh and re-run ‘ 
were needed, paper was firmly joined with rubber perchloric acid. Instead, we use ! followins have 


Dodge Chicago.) 


F eat 


is forn om 


these usiné 


fern 
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_aification: If, after addition of nitric acid, any 
«the chromes are not clear yellowish-green, but 
retain a muddy-black cloudiness from insolubles, 
475 ml. of 48% hydrofluoric acid and continue 
ating for 5 min. or until the solution is clear. 
Finish with persulphate and hydrochloric acid 
,s usual. In addition to being able to run these 
ifficultly soluble samples right in the regular run, 
we find that we can use standard sample No. 72b 

ntaining 0.962% Cr. This is the only standard 
wvailable now containing 1% chromium, and one 
should be able to run the standard along with the 
amples. (WittiaAM Tertet, Head Chemist, and 
fen W. Dicken, Chemist, Transue & Williams 


Steel Forging Corp.) 


A Newer Method 


HROMIUM and vanadium can be determined 
rapidly and accurately in all steels by the 
simple expedient of boiling the sulphuric-nitric 
solution with 5 g. of potassium chlorate per test. 
No filtrations are required and no perchloric acid. 
The reaction Is 
Cr.0. (SO, ) 
2CrO 


2 KCIO, + 4. H.O (SO,) = 
SO,), + K,O (SO,) + 2 ClO + 4H.O 


The chromium and vanadium are finished in 

usual manner by titrating with N/20 ferrous 
ammonium sulphate and N/20 KMnQ,. (CHARLES 
Mornis Jonnson, Chief Chemist, Park Works, 
rucible Steel Co. of America.) 


Crackless Plasticity in Gear Teeth 


ETALLURGISTS, as well as other citizens, 

need new words to describe new ideas, but 
sometimes the new words 
re poorly chosen or applied 

rrectly. As an example 
(the latter, the author was 
studying some worn out 
gears and pinions made of 
SAE. 4140 steel, flame 
hardened, and that very 
evening ran across the fol- 
Wing sentence in an arti- 
® purporting to define the 


Feathered-Out Curl at Top of 
Remains of Gear Tooth on 
Badly Worn S.A.E. 4140 Steel. 
Flame hardened 
( om plete ly worn 
lerrite and 


have iror ed 


surface has 
away, and 
pearlite crystals 
out into fibers 


ideal physical condition: “Metallurgists must 
produce a metal which will be in a condition of 
crackless plasticity and adjust its microstructure 
to the loads as applied and released.” 

The writer of this sentence should first have 
seen one of the above-mentioned gears, teeth 
three-quarters worn away, and with outer edge 
curled over. The micro below, at 100 diam- 
eters, right in this curl, shows that the micro- 
structure had adjusted itself to the loads; no 
cracks could be found in any locations. Despite 
the possession of the property of “crackless plas- 
ticity” to a superlative degree (at least in the 
literal sense of the term) the gears had to be 
replaced with others having quite different char- 
acteristics. 

By the way, the new ones are functioning 
satisfactorily. (James L. Avis, Consulting Metal- 
lurgical Engineer, Seattle.) 


Direct Positives for Micrographs 


WW" ARE saving much time in our overworked 
metallographical laboratory by exposing 
direct positive paper rather than making the 
usual transparent negative and printing from it. 
Total time for a wet print is about 15 min. against 
2 hr. for a negative and print. Three months’ use 
have convinced us that the method is fast, reliable 
and economical, and can be recommended for 
non-ferrous alloys which can be etched to show 
good contrast, and for uses where only one or 
two prints are needed. 

Any standard direct positive paper may be 
used; we use the Eastman Direct Positive Paper 
S.S. with recommended processing, except that a 
solution of 144 glycerine, 14 alcohol and 4% water 

serves as an after bath to 
obtain a better contrast on 
drying. 

The steps and timing 
required are as follows: 

1. Exposure 6 sec. is about 
average for our work. 
Development 1 min. 
Wash 
Bleach 
Wash 


15 sec. 

30 sec. 

15 sec. 

}. Clear 30 sec. 
Wash 15 sec. 
Redevelopment 45 sec. 
Wash — 15 sec. 
Standard acid fixing pow 
der 30 sec. 


This totals to a treat- 
ment time of 44% min. Then 
comes after-wash of 10 














Wall of Brass Cup, Photographed in Direct Pos- 
itive (75X) in a Study of Grain Size Vs. Anneal 


min., and a glycerine soak of 4% min., a grand 
total for a wet print of 14%4 min. 

The prints should be blotted after the glyc- 
erine soak. The drying time is negligible if the 
paper is pre-coated with a water-proofing agent 
so that only the emulsion gets wet. After blotting 
the print may be used immediately. 

As in the conventional process, several prints 
may be processed at one time so that the average 
time may be decreased greatly; 5 min. was the 
timed average in a recent group of micrographs 
taken. 

Results compare favorably with the negative- 


Portable Hand-Power Tester for Pulling Spot Welded Specimens 
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positive process in the rendition of deta 
there is very little control of cont; 


} 
ut 


ast CX cept 





etching. For grain size studies of bras th o 
ammonium hydroxide, hydrogen peroxide ot 
very satisfactory. - 

The paper cost is approximately one f, | 
that of the same size negative and printing um 
This is a relatively minor matter, py , e 
increased speed and decreased cost of the pro 

k 


have resulted in the much freer use of y; 
graphs in our work. (J. K. Fox and R. A. Sw, 
Metallurgy Department, Fulton Sylphon Co 


Shear Tester for Spot Welds : 


HE OPERATOR who desires to check 
strength and soundness of spot welds | 
about to make can readily do so by using a s me 
shear testing machine. Spot welding is us = 
tested by “pulling a button”, but this onl if 


if the material actually welded. To fin 
strength and soundness normally requires 
service of a laboratory technician. 

Through the use of the simple machin 
trated, the operator or an inspector merely tah 
two standard test pieces, cleans their surfap 
and makes the weld by overlapping. The spec 
men is then clamped in the end vises, and t 
force applied by the hand crank is shown! 
pounds on the dial at the left end of the machine 
A prepared chart shows the minimum streng 
required for various thicknesses and types 
materials. (E. Sro_tre, Manufacturing Engines 
Weslinghouse Electric & Mfg. Co.) 




































Measuring Decarburization 


7 ‘ILAR to the difficulty encountered by Mer- 
SS (MR) i) A. Scheil in measuring decarburization 
etch j we Metal Progress, May 1943), we too have had 

-uble in distinguishing carbon changes. Our 
fourt orplexit irose When cold drawn bars of S.A.E. 


Pape 49 were to be heat treated to Rockwell C-31 to 
Ul (Mi. we assumed that if we heat treated the bar 
aa ck without decarburizing, danger might 
te expected to a depth at least equal to the 
jinimum specified hardness when measured 
9 Vickers micro-hardness traverse (Vick- 
¥9 310). 

Extreme care was taken against further 
carburization during heat treatment; sam- 
es were copper plated, enclosed in a con- 
jiner with spent carburizing compound, 

quenched from 1500° F., and immediately 
empered at 975° F. for 30 min. This yielded 
re hardness of Rockwell C-35. 

The engraving at right shows one micro- 

ardness traverse. Minimum specified proper- 


Micro -Heraness ; Vi 






ies, as measured by hardness, were not found 
patil a point 0.007 in. below the surface had been 










Q010 Q020 


Distance fram Surfvace, 
Thousandths of an Inch 


x 






® 





reached. Although the photomicrograph of 





the sample in the “as received” condition 






shows what we considered to be no decarburi- 






8 


Rockwell C* Herdness 


zation, actually the micro-hardness traverse 






indicates the presence of 0.007 in. 
The curve at left shows another heat 
treated piece of the same material, inspected as 







€6 received by microscope and reported “partially 






decarburized for 0.008 in.” Minimum specified 
properties measured by micro-hardness were not 
developed until a depth of 0.011 in. had been 
reached. The micro agrees better with the hardness 
traverse. Further experimentation gave even bet- 
ter correlation between microscope and hardness 
traverse when decarburization was greater. 

Therefore, we feel that in steels where surface ) 
decarburization is slight, microscopic inspection ) 
minimizes this condition; small changes in carbon | 
concentration will not be discernible by the micros- 
copist, because diffusion from the unaffected 
region is too gradual to be read accurately, and 
amounts reported are likely to be too small. (R. D. 

CHAPMAN, Metallographer, Chrysler Corp.) 
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Machinability 


Machinability Ratings of Metals 


and Cutting Fluid Recommendations 


By O. W. Boston, Professor of Metal Processing, University of Michigan, 
H. L. Moir, Asst. Chief Products Engineer, The Pure Oil Co., 
W.H. O'dacre, President, D. A. Stuart Oil Co., 
and E. M. Slaughter, Metallurgist, Republic Steel Corp. 


HIS PAPER is a revision and amplification of 

a report on cutting fluids made in 1940, which 
had wide circulation and general acceptance. 
The above mentioned authors constitute a sub- 
committee of the “Independent Research Com- 
mittee on Cutting Fluids”, organized in 1937 by 
Joseph Geschelin, Detroit Editor for Automotive 
Industries and other Chilton Co. publications. 
The entire personnel is as follows: O. W. Boston, 
M. A. Dixon, H. M. Fearon, Floyd Fritts, Joseph 
Geschelin, Chairman, C. B. Harding, Raymond 
Haskell, W. D. Huffman, J. F. Kennedy, W. H. 
Kildow, H. E. Martin, B. B. Mears, R. J. McWil- 
liams, H. L. Moir, W. H. Oldacre, E. M. Slaughter, 
G. L. Summer. 

Recommendations on cutting fluids apply to 
commercial practice. In the endeavor to simplify 
and to make more clear the use of a table of 
recommendations which can be used to apply 
cutting fluids to various processes, involving dif- 
ferent metals, the metals themselves in the tables 
on pages 624 and 624A are first listed in groups 
in accordance with their machinability ratings. 
A wide variety of ferrous and non-ferrous metals 
have been rated individually and then arranged 
in six classes as follows: 


Non-Ferrous Metals 
Class 5; 100% or over 
Class 6; below 100% 


Ferrous Metals 
Class 1; 70% or over 
Class 2; 50 to 70% 
Class 3; 40 to 50% 
Class 4; below 40% 


This machinability rating is averaged to the 
nearest 5% from various users’ estimates, and is 
based upon 100% as the rating of A.I.S.I. steel 
specification B1112, cold rolled or cold drawn, 
when machined with a suitable cutting fluid at 
180 ft. per min. under normal cutting conditions. 
The ratings are based on steels in a cold drawn 
condition. Metals that have been heat treated or 


processed in any way other than cold drawn w 
of course, have different machinability rating 

It is important to note that because of th 
favorable price differential many users prefer | 
rolled steels for many purposes. The effect 
hot rolling may be expressed very briefly as 

1. In steels containing up to 0.30% carb 
cold rolled or cold drawn bars have better machi 
ability than hot rolled bars. 

2. In steels containing from 0.30 to 0.40 
carbon, there is little difference in machinabilit 
between cold rolled and hot rolled bars. 

3. In steels containing over 0.40% carbon 
the hot rolled material has superior machinabilily 
over the cold rolled or cold drawn. It is recom 
mended that plain carbon steels over 0.40% ca 
bon and alloy steels over 0.30% carbon & 
annealed for machining. 

The range of Brinell hardness values for eae 
of the ferrous materials given in the table on pag 
624 is intended to provide the most desirabi 
limits for normal machinability and, in genera 
describes the commercial practice in filling ste 
purchase orders. It is generally accepted pm 
tice that the limiting value of hardness for norm 
machinability is of the order of 355 Brine 
although many steels are now being machined " 
mass production at hardnesses of 400 or mor 

A similar classification has been give? ' 
machining operations in the table on page 6243 
arranging them in order of their severily. For 
example, the most severe operation No. |, ® 
internal broaching, and the easiest, No. 10, 
sawing. This table indicates the severity o! the 
operation, and the cutting fluid recommendati 
for each metal classification. The attention 
users of this table is called to the following 8 
eral notes on cutting fluid selection: 

1. A few preferred recommendations “. 
in bold face type are based on general prac 


printed 
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pserved by the committee members and reported 
-om the survey it conducted. They are intended 
serve only as a guide to the choice of a cutting 
wid. It must be remembered, however, that a 
utting fluid should be selected for the individual 
ration, the material being machined, the tool 
terial, size and shape, and the conditions of 
seration, such as speed, depth of cut and feed, 
.od the results desired in tool life, chip formation 
»od finish, all being factors in the final decision. 

2, It is important to keep in mind that the 
ynction of this report is to correlate recom- 
vndations from general use and practice, 
wether with suggestions for each specific cutting 
roblem (such as, for example, milling A 3140 
wel in its annealed condition). These recom- 
ndations represent the average practice of the 
najority of users of cutting fluids when normal 
yerating conditions are maintained. 

3. It is possible to determine the proper cut- 
ing fluid for these normal operating conditions 
w referring to the table on page 624A. For exam- 
le, a normal milling operation, where the oper- 
ting condition is within the limits specified by 
he manufacturer of the machine and the steel, 
vill come under Classification 6 as given in the 
able. However, if a deeper cut, higher cutting 
peed, or heavier feed are desired, it will become 
ecessary for the user to be guided by the table in 
lacing the operation in the proper classification 
or severity, and note the cutting oils recom- 
nended for the more severe operation. 

+. The cutting fluid recommendations must 
1 necessity be confined to types of fluids, rather 
han the products or brand names of individual 
This should be remembered in the 
urchase of such fluids, as there may be quite a 
ference in effectiveness between two fluids of 
he same type on a given machine operation, 
wing to different manufacturing techniques of 
he producers thereof. 

9». It is possible to subdivide this classifica- 
wn considerably further and perhaps make it 
more specific. However, such a break-down of 
perations with various cutting fluids, together 
with feeds, cutting speed, depth of cut, makes the 
wnalysis bulky and unwieldy. In many instances 
Such a list of recommendations would be very 
ifficult for the lay user of cutting oils to interpret. 

6. Generally speaking, mineral-lard oil and 
‘ulphurized oil mixtures of low sulphur per- 
‘entages are interchangeable. 

7. Sulphurized oils have a tendency to stain 


certal ‘ _ ’ 
ertain non-ferrous metals, such as copper and 
ts alloys. 


uppliers. 


8. Certain 
chloride, 


materials such as carbon tetra- 
chloroform and other volatile solvents 
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should not be added to cutting fluids, as harmful 
physiological effects might follow. 

9. In the machining of aluminum, quite 
often cutting oils are diluted with kerosene or 
mineral seal oil with satisfactory results. Kero- 
sene, up to 15%, is frequently added to emulsions 
to improve the quality of the finished surface. 

10. Magnesium and its alloys are usually 
machined with mineral seal oil or dry. A supply 
of powdered asbestos should be kept handy to 
smother a fire, just in case. Tools should be kept 
sharp and heavy feeds used. Chips should not be 
permitted to accumulate on the machine. 

11. In machining brass, which shows no 
change in cutting pressures with various cutting 
fluids, it is advisable to apply a cutting fluid to 
function as a coolant. Inasmuch as most free- 
cutting brass is machined in automatic screw 
machines, an oil is advisable to lubricate the mov- 
ing parts of the machine. A paraffin or light 
mineral oil may suffice, or the mineral oil blended 
with 10% fatty oil may be used to advantage. 

12. In turning Monel metal it has been found 
that an emulsion gives a slightly longer tool life 
than a sulphurized mineral oil. However, the 
latter breaks up the chips. 

13. In general, cutting fluids 
applied in large quantities at the highest velocity 
possible without splashing, directly onto the tool 
point where the chip is being formed. From 3 to 
5 gal. for each single-point tool is most effective; 
particularly when carbide tools are used the cut- 
ting fluid should flood the tool before the start 
of the cut and be applied continuously during the 
cut. Rapid change in temperature is injurious to 
most tools. The use of sulphurized oils on car- 
bide tools is reported to be injurious to the tools. 

14. Cutting fluids should be kept cool, either 
through the use of sufficient volume or through 
cooling agencies. For satisfactory tool life the 
temperature of the fluid should not exceed 110° F. 

15. Cutting fluids should be kept clean 
free from chips, bacteria, and high acidity. 

16. Oils should be used on complicated 
machines where the lubrication of the machine, 
such as tool slides, must be provided for. On 
some jobs, such as milling and drilling, the lubri- 
cation of the chips in the flutes or chip space is 
an important factor in chip removal. 

17. On high-speed operations, cooling is 
more important than lubrication, inasmuch as 
the speed itself usually provides good surface 
quality. On low speeds where the segmental or 
discontinuous type of chip is formed, the face of 
the tool may be periodically lubricated so that 
oils, and particularly a sulphurized oil for thread- 
ing and broaching, are desirable. eS 


should be 














Class I, Ferrous, Rating 70% Plus 





C 1110 
C1115 
C1117 


C 1118 
C 1120 
C 1132 
C 1137 
C 1022 
C 1016 
B 1111 
B1112 
B 1113 
A 4023 
A 4027° 
A 4119 





SPECIFICATION (a) 


RATING | BRINELL 


85% 
85 
85 
80 
80 
75 
70 
70 
70 
95 
100 
135 
70 
70 
70 


| 


Malleable (Ferritic) |100 to 250 


137 to 166 
143 to 179 
143 to 179 
143 to 179 
143 to 179 
187 to 229 
187 to 229 
159 to 192 
137 to 174 
179 to 229 
179to229 
179 to 229 
156 to 207 
166 to 212 


| 170 to 217 


120 to 200 











Machinability Rating of Various Metals 


By Independent Research Committee on Cutting Fluids 





ACHINABILITY ratings are classed in four groups for 
irons and steels and two for non-ferrous alloys. Machip. 
ability is rated to nearest 5%, based on 100% rating fo, 
A.LS.I. steel B1112, cold rolled or cold drawn Besseme, 


screw stock, machined 
with suitable cutting 
fluid at 180 ft. per min. 
under normal condi- 
tions as to tool life and 
surface finish. Hard- 
ness values indicate a 
desirable range and 
correspond to ordi- 
nary commercial deliv- 
eries. 


Class III, Ferrous, 40 to 50¢; 








SPECIFICATION 





C 1008 (a) 
C 1010 
C1015 
C 1050° 
C 1070° 
A 1320 
A 1330° 
A 1335° 
A 1340° 


A 2330° 


RATING | Brineu 


50 126 to 163 
50 131 to 170 
50 131 to 170 
50 179 to 229 
45 183 to 241 
50 170 to 229 
ov 179 to 235 
50 179 to 235 
45 179 to 235 
50 179 to 229 





























(Pearlitic) 70 190 to 240 *Denotes steel in mill- A 2340° 45 179 to 235 
Cast steel (0.35% C); 70 170 to 212 annealed condition. A 3240° 49 | 183 to 235 
Stainless “iron” (b) 70 163 to 207 (a) Numbers denote A 4340° 45 187 to 241 
A.1L.S.1. compositions, see A 6120 50 179 to 217 
— =o yage 666. For NE steels A 6145" 90 | 179 to 233 
Class II, Ferrous, Rating 50 to 65% aid a. 672 ' A 6152 (c) 45 | 183 to 241 
) +) Wiel —n A 9260° 45 | 187 to 255 
SPECIFICATION | RATING | BRINELL (b) High chromium-iron aS a ; —— 
—__—_—— ———— | ——_____——— alloys, A.LS.1. Type No. 416 NE 8442° 49 187 t i 
C1l4i(a) | 65 | 183 to 241 or 430F. NE 8447" £0 [| Bites 
C 1020 65 137 to 174 (c) Spheroidize annealed NE 8949 50 187 to 25: 
C 1030 65 | 170to 212 by mill. Ingot iron 50 =| 101 to 13! 
C 1035 65 | 174to 217 (d) A.LS.I. Type No. 303; Wrought iron 50 101 to 131 
C 1040° | 60 179 to 229 18-8 of free machining type. Stainless (d) 45 | 179 to el 
C 1045° | 60 | 179 to 229 Cast iron 50 160 to 19 
A 2317 55 =| 174 to 217 
me | » ‘ 
A 3045 60 | 179 to 229 Class IV, Ferrous, Rating 40% or Below 
A 3120 zh .. | 163 to 207 
A 3130° 59 | 179 to 217 SPECIFICATION RATING| BRINELI 
A 3140° | 55 | 187 to 229 paneiete _ 
A 3145° | 50 | 187 to 235 A 2515° 30 | 179 to 229 
A 4032° 65 170 to 229 E 3310° 40 170 to 229 
A 4037° 65 179 to 229 E 52100 (c¢) 30 183 to 229 
A 4042° 60 183 to 235 Ni-Resist’* 30 
A 4047° 59 183 to 235 Stainless 18-8" 25 
A 4130° 65 187 to 229 Manganese oil hardening steel (c)| 30 
A 4137° 60 187 to 229 Toolsteel, low tungsten, 
A 4145* 55 187 to 229 chromium and carbon (c) 30 
A 4150° 50 187 to 235 High speed steel (c) 30 
A 4615 65 174 to 217 High carbon, high chromium, J 
A 4640° 55 187 to 235 toolsteel (c) | 25 
A 4815 50 187 to 229 
A 5120 65 170 to 212 Class VI, Non-Ferreus, Rating 
A 5140° 60 174 to 229 Class V, Non-Ferrous, Less Than 100% 
A 5150° 55 179 to 235 Rating Above 100% 
A 5045* 65 179 to 229 ALLOY Rati 
NE 8024 60 174 to 217 ALLOY RATING 
NE 8124 55 174 to 217 . Gun metal = 
NE 8233° 60 179 to 229 Magnesium alloys 500 to 2000 Bronze, manganese ‘ 
NE 8339° 60 179 to 229 Aluminum, 11-S (e) | 500 to 2000 Copper, cast ~ 
NE 8620 60 170 to 217 2-S (e) | 300 to 1500 rolled : 
NE 8630° 65 | 179 to 229 17-S (e) | 300 to 1500 Nickel - 
NE 8724 65 179 to 229 Brass, leaded | 150 to 600 Monel metal, cast " 
NE 8739° 60 | 179 to 229 yellow | 200 i 
NE 8744° 55 | 183 to 235 red | 200 odagane: 
NE 8749° 50 183 to 241 Bronze, lead bearing | 200 to 500 Inconel 60 
NE 8817 60 170 to 229 Zine | 200 Everdur 
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NICKEL AIDS THE RAILWAY INDUSTRY : 
to KEEP Em Routine / . 


Railroad men perform near-miracles 
every day. With less locomotive ca- 
pacity and fewer freight cars than a 
decade ago, last year they moved about 
two-thirds more ton-miles of freight 
and over 100% more passenger-miles 
than in 1940. Figures for this year show 
substantial increases. 


Now, with locomotive-miles per 
month boosted about 40% above the 
pre-Pearl Harbor figure, railroaders 
rely upon the enhanced mechanical 
properties Nickel adds to iron, steel 
and non-ferrous alloys. 


Fortunately, engineering and operat- 
ing departments have long known that, 
properly used, a little Nickel goes a long 
way to prevent fatigue failures and 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wail st., New York 5." 





lengthen service life. It has been widely 
specified, to A.A.R. standards, for steam 
and Diesel locomotives, passenger 
equipment and freight cars that elimi- 
nate deadweight tons. Materials 
strengthened and toughened by Nickel 
are now staying on the job... despite 
overloads and stepped-up schedules. 


During years of peace it has been the 
privilege of International Nickel tech- 
nical staffs to cooperate with the men 
who build and operate all types of rail- 
way equipment. Now, with a war to 
win and Nickel alloys diverted to more 
direct war uses, technical information 
and “know-how” become especially use- 
ful. Counsel, and printed data about 
the selection, fabrication and heat treat- 
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ment of alloyed materials is available nt 
to you upon request. Phas 





New Catalog Index | 
New Catalog C makes it easy LOrp 
for you to get Nickel litera- Corr med 
ture. It gives you capsule en dl 
synopses of booklets and bul- for « 
letins on a wide variety of 

subjects — from industrial ap- mere 
plications to metallurgicol 

data and working instruc- ret 
tions. Why not send for your —~ — _ 
copy of Catalog C today? a : 


* Nickel’ | 


(reat) 





Salt Bath Heating 





Hardening High Speed Taps and Dies 
in the Electric Salt Bath 


By Paul C. Farren 


Chief Metallurgist, Greenfield Tap and Die Corp. 
Greenfield, Mass. 


T HAS BEEN SAID that the main characteristic 
of specialization is extreme conservatism or 
inflexibility. This has not been true metallurgi- 
cally of late, as may be seen in the wide adoption 
of high speed steels in which molybdenum was 
substituted for tungsten to a greater or less 
extent. 

Prior to the present war, the development of 
molybdenum high speed steels was hampered 
because consumers complained of non-uniform 
performance. In the light of recent experience, 
it is believed that such complaints were a direct 
result of difficulties encountered in heat treat- 
ment and not of inherent characteristics of the 
steels. The necessity for conserving tungsten 
gave the necessary impetus to the development of 
satisfactory heat treatment of the molybdenum 
high speeds. Almost overnight the toolsteel, 
machine tool, and small tool industries accom- 
plished a transformation; heat treatment evolved 
rom methods using protective coatings, through 
controlled atmospheres, to the modern salt bath. 
Phases of it are worth recording at length 
because its effects are likely to be permanent and 
have general influence on metallurgical practice. 

Conversion by the Greenfield Tap and Die 
“orp. to a production based on high and inter- 
mediate types of molybdenum high speed steels 
‘or small and large taps, dies, and other tools is 
merely representative of the industry. It was 
bvious from previous experience that heat treat- 
ment might easily have proved the bottleneck. 
this was avoided by using electric salt bath fur- 
naces of the closely spaced electrode (Ajax- 
type in order to minimize distortion 
nate surface defects, and more espe- 

et demands for tools of the cut thread 
is, completely finished prior to heat 
which could not have been handled 


Hultgren 
and elin 
lally to? 
type (th 
‘reatmen 


so satisfactorily by any other means. Cut thread 
tools account for about 25% of our production. 

While virtually all methods and types of 
equipment are available at the Greenfield plants, 
for the carbon steels as well as high speeds, this 
paper will deal with observations made while 
hardening molybdenum steels, using preheat, 
high heat, and quench salt bath furnaces as a 
group under a single hood (Fig. 1) with an aver- 
age capacity of 6000 pieces an operator in eight 
hours, and as high as 15,000 pieces on a single 
shift with two operators. This total is based on 
a variety of taps, most of ,‘-in. diameter and 
smaller. (Actual sizes run from No. 0 machine 
screw taps, 0.061-in. diameter, up to 7-in. diam- 
eter.) High speed acorn, round, and spring dies 
are similarly treated. 

In addition to some 18-4-1, steels include the 
6-6-2 (intermediate molybdenum) and Mo-Max 
(high molybdenum), with the latter predominat- 
ing. Raw material consists of bar stock, ground, 
cold drawn, or hot rolled. Sizes of ground drill 
rod run from 0.073 to 0.256 in.; cold drawn steels 
range from 0.275 to 2 in.; hot rolled material from 
}; to 4 in.; and forgings in larger sizes. 

While intrinsic red hardness of a definite 
alloy cannot be affected by the method of heat 
treating, and while enough material is left on the 
body of ground thread taps to permit corrective 
grinding, the hardening method does largely 
determine tool life, wear, and general usefulness 
in the field, besides influencing all subsequent 
operations such as straightening, flute grinding, 
and finish grinding. In the case of a cut thread 
tap, no corrective grinding is possible after heat 
treatment. Distortion, surface effects, size, or 
angle changes must be held to a minimum. There 
is a commercial O.D. tolerance of 0.0025 in. on a 
\4-in. tap, a lead tolerance of +0.003 in. per in. 
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of thread length; angles must be held to within 
68 min. (included angle) and pitch diameter to 
0.002 in. total tolerance. Lead and pitch diameter 
are of major importance, and there have been no 
cases where dimensions could not be readily held 
in salt bath practice. 


Handling Technique 


Up to the time it reaches the hardening 
room, each tap has been a unit production prob- 
lem, involving 25 operations like burring, center- 
ing, fluting, shank grinding, and inspection. The 
heat treater now handles up to 75 units at a time 
in the preheat bath. 

Standard taps run from 1% to about 3% in. 


Greenfield plant for salt bath hardening ppractj,, 
are shown in Fig. 2 to 4. The smal! perforated 
baskets of cold rolled steel last for approximaje), 
100 full immersion cycles in the high heat, 

The preheat furnace, controlled at 1550°R_;, 
rated at 22 kw. although its input is 
over 18, or &0% of capacity. 
ceramic pot 14 in. in diameter by 20 in deep, hay 
ing two 2-in. square parallel electrodes immerse, 
to within a few inches of the bottom for heatip 
and circulating the salt. Bath level is kept t 
within approximately 2 in. of the rim at all times 
Immersion time for each charge of taps has beep 
worked out on a basis of size, quantity, ané 
method of handling, and is recorded on a heat 
treatment sheet such as shown on page 630. Sali 


ively muct 


It consists of 


Fig. 1 — Three Salt Baths Under One Hood, Preheat, High Heat and Quench Bath fer 
Hardening Molybdenum High Speed Tools. Capacity 6000 taps and dies per 8-hr. shift 


. Regular taps, 4% in. 
and smaller, are handled in baskets while taps 
over 42 in. and including 1% in., and extra-length 
taps with up to 15 in. of thread length, are sus- 
pended vertically. Sometimes this may be a truly 
selective hardening. All taps greater than stand- 
ard length, as well as those over 1'-in. diameter, 
are handled in spring tongs or suspended by 


7 aa 
long up to ,% in. diameter. 


wires or eyebolts. 
Some special fixtures and baskets used at the 


used is a commercial salt which is neutra', 


out chemical reaction with the ceramt 
materials or the steel charge. 

As the basket or fixture cont! 
charge is withdrawn from the preh 
the highly fluid salt drains freely, anc the charg 
is then immersed in the high heat bat! 
in a ceramic pot 12 in. in diameter b) 
heated by immersed electrodes and 
2180° F. The salt used — similar) 


' 


ining 


t, most 


contained 
>) in dee} 
ntrolled al 


| , 
neutral 
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Fig. 2, 3, and 4 — Hardener’s Tools. Above is fixture 
for 10 long-shanked taps, sludging ladle, immersion 
baskets for small items, and spring tongs. Al right is 
simple hanger for large taps with axial hole. In 
lower corner are stubby tools suspended in a group 


refractory pots —is highly fluid, requires no rectifier, 
and no instance of decarburization or oxidation has 
been recorded in hardening many hundred thousands 
f taps and dies. This bath is desludged or cleaned 
periodically to avoid breakdown of the various salts 
because of carry-over from one bath to the other. 

The fixture load of work is held in the high heat 
for a specified time and emptied into the salt bath 
quench —that is, the fixture itself is not transferred 
with the charge, thus avoiding transfer of the quench 
salt to the preheat or high heat baths. Inside the elec- 
tric quench furnace pot, which is 14 in. diameter by 
2) in. deep and heated by immersed electrodes to 1150 
to 1200° F., is a perforated basket for catching the work 
shown in Fig. 5). 

Alongside the quench furnace is the oil bath for 
final cooling, containing another basket, usually rec- 
langular, readily removable to keep the various sizes 


Finish is always bright when salt is used 
throughout, but if scale is present fol- 
lowing air tempering, as it usually is, 
pickling is necessary. The taps are then 
inspected for cumulative distortion, 
straightened, and tested for hardness. 
Regardless of hardening equipment 
available and limitations of handling 
incidental to each type, the ratio of 
length to diameter is itself a factor in 
distortion, and the subsequent need for 
straightening. Work done in the salt 
bath, particularly long tools, usually 
requires less 

straightening than 

if “atmosphere 

hardened”, unless 

inherent stresses are 

already induced by 

the production oper- 

ations, such as might 

occur in stamping. 

Long tools are ordi- 

narily picked up 

and laid down on a 

furnace floor, and 

this invariably 

results in unneces- 

sarily high distor- 


tion. 


and types of tools separate. The cooling oil, circulated between the cooling 
and storage tanks by overflow and centrifugal pump, is a non-saponiliable 
mineral oil, with no fatty acid content, a type which avoids “soap reactions” 
with the protective salt film or drag-out carried over on the tools. 


Following the oil bath, there is a plain hot water rinse. 


If salt does 


not wash freely, it is an indication that high heat salt has begun to build 
up in the quench furnace because of carry-over on the tools. It is then 
fecessary to bail out 10 to 15 Ib. of quench salt and make up with new 


udditions of fresh quench salt. 


Tempering and Straightening 


Th : 
108 ry ls are tempered at least twice, one hour or more each time, at 
LOU ~— . n° . 

r all molybdenum types. Either forced convection or salt bath 
urnac = : : _ 

uC used, with an air cool to room temperature after each tempering. 
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It appears that the salt bath produces the equipped with a Leeds and Northrup Ray, 
minimum distortion of all methods available recording pyrometer, with Microm indicatin 
when handling complicated shapes, or where controllers for the quench and preheat baths 
length is out of proportion to diameter, or where The Rayotube calibration is checked twice dypiy 
distortion is almost inherent in the handling each shift, by removing the thermopile casing oe 
methods necessary. sighting an optical pyrometer down the pyror 

eter tube to the working depth of the bat» 


Furnace Operation and Maintenance order to get an accurate reading under true blac! 
body conditions, as shown in Fig. 7. Thery 
Temperature control is of utmost importance couples used in preheat and quench are |4-¢ 
when hardening high speed steels, and somewhat Chromel-Alumel. Calibrated couples are mad 
lower temperatures are utilized in salt baths. up in advance so that those in use may be , 
Automatic equipment used for our battery of rected immediately or replaced. Because of th 
pots is shown in Fig. 6. The high heat bath is relatively low temperatures, preheat and quenet 
couples need checking only once da 
Straight chromium-iron alloys or refra 
tory materials have been found best fo: 
protection tubes. 
Overnight or idling temperatures 
are 1200° F. in the preheat, 1850 in t) 
high heat, and about 1050 in the quence 
furnace. Automatic alarms announce 
any failure of power or controls. It is 
customary for the watchman to set th 
controls so as to allow 30 min. for 
baths to come up to temperature for t! 
first shift. When idling, the furnaces 
are covered against radiation loss wit! 
refractory covers, one for each unit 
An adjustable chain curtain runs 
the length of each furnace group, and 
above is the fume hood, vented with a 
18-in. pipe and blower to the open ait. 
No particular difficulty with heat @ 
fumes is encountered with this arrange 
ment. The temperatures involved are 
high, however, and elbows or sharp 
bends in the vent pipe are to be avoided 
Temperature-drop in the high heat is 


Fig. 5 — Draining Quench 
Salt From Basket of Taps. 
Perforated basket squared 
at rear to avoid touch- 
ing electrodes which carry 
in the current for heating 


Fig. 6— Automatic Indi- 
cating and Recording 
Pyrometers, and Control- 
lers for the Triple-Pot 
Installation (See Fig. 1) 
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production, being less than 5° for In operation at Greenfield Tap & Die Corp. 
ge. “Anticipating controllers” pre- we find that salt drag-out is moderate, either 
ting during rapid recovery, and when hardening unfinished tool blanks or pre- 
he electromagnetic circulation of the threaded taps. Steady (though not always peak) 
internal heating effect of the elec- production is the rule. Salt additions are made 
it is possible to hold temperatures each shift, separate pans being used for each of 


rode spacing, 
vithin a maximum variation. the furnaces as shown in the table below. 

Heat resisting alloy electrodes, free from Maximum estimated drag-out checks closely 
ckel, have an average life of 1200 hr. in the with salt replacement figures, and discloses a 1 to 
high heat furnace. During this period, the elec- 2% ratio to pounds of work hardened, calculated 
-s are usually lowered three times, maintain- for basket fixtures having a certain amount of 


cit 
it 


g propel immersion depth for highest efficiency drag-out in themselves. In general, this ratio 
ind compensating for wastage. Six years’ experi- holds for high output (up to 20,000 taps a day 
eee with electric salt baths has shown that for each furnace) except that where two oper- 
ckel will plate out on immersed tools no matter ators handle the work on a single shift there may 
shat experimental salt or recommended combi- be a slight occasional increase in salt additions, 


ution of salts may be used. Consequently, the since two men have opportunity to clean, bail, 
kel or high nickel alloys 
ist be excluded from pots, Typical Salt Additions and Cleanings 


ectrodes, protection tubes, 





handling fixtures. In an PREHEAT Hicn Heat QUENCH 


ergency it has been found Weight of salt 6.5 Ib. 8 Ib. 5.5 Ib. 
rfectly feasible to use Additions, 1st shift 3 pans 3% pans 2 pans 

8-4-1 high speed steel for 2nd shift 1% 

3rd shift 2% Desludge 135 

Ist shift 5 2% { Desludge 
wks because of cost and a se orem ‘ ser isaac: 91 peace a 


h items; it gives long 


vice life, but the draw- 


wk of available sizes and ist shift ‘ g% 2% 
ngths are obvious. 2nd shift 4 1% 











and desludge more thoroughly. This drag- 
out is extremely low, considering the 
smallest No. 0 machine screw taps are 
0.061 in. in diameter, with as many as 50 
in a single immersion. 

The cleaning ladle has a reinforced 
handle to stiffen it at the high tempera- 
tures. The operator “sounds” the pot, 
feels the sludge while scraping the side, 
and lifts it up from the bottom. This 
sludge is a greyish, viscous matter, and it 
consists mostly of metallic oxides from 
the high heat and preheat, with cyanates, 
carbonates, oxides, and unmelted high heat 
salt removed from the quench. 

Cleaning operations seem to affect pot 
life more than any other factor, since there 
is little erosion otherwise. This is true of 
the high heat furnace where conditions 
are severe; the original diameter of 12 in. 
will in time increase to 14 or 15 in. At that 
time, well over a year, the efficiency drops, 
the total volume of salt becoming some- 

=< Optical Pyrometer Sights Down Ceramic Tube to what larger than can be handled by the 
easure th th Temperature and Thus Check Indications of power input. This is partly because of 
yotube H Shown Detached, on Front of Furnace Casing) increased surface radiation. 
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Metallurgical Inspection 


Following the operations already described, 
representative tools are taken for file test, Rock- 
well hardness, and metallographic examination. 
Before the heat treater starts on an order of tools, 


edges and grain growth. The austenite grain 
count is held within 18 to 22 Snyder-Grafts, ,. 
shown in the photomicrographs, Fig. § anq g 
Such tests are made at the beginning of eye 
order of regular taps, no matter how many orders 
may be handled. A standard Rockwell of ¢4 

to 65 after tempering is called for on molyb- 





Salt Bath Heat Treatment 


CUSTOMER 





ORDER NO. 1/9682F WATE 8/16/43 ___. 


DESCRIPTION H.S. Cut Thread Plug Tapa pn ienn 


size 1/4-20 ww. £500 SYMBOL, "DU" 
PRE HEAT ne TIME 2 Ming... 
Hi. MEAT 2200° F__e TIME 2 Mins. 
QUENCH 1200° P See 
TEE TELL OS ONT RAAT Or DE 
BYHAC/TONGS/ Basket 
NO. PIECES 35 = 40 

(SALT x 1050° F - Double 1 +1 hour 
TEMPER ( 

RESETS SORE TE. eRe ee OR bt 


Lapel a 
em W.B.W. 
HARDNESS 
i, Se Rk, A 
OD eee 
1299 


denum taps of % in. diameter and oye 
Smaller taps are held to C-62 to 64. 


General Observations 


It may be noted that analytical methods 
fail to disclose any trace of oxidation whey 
using the above hardening procedure. Thy 
salt is a mixture of chlorides with 4 self. 
contained rectifier. Daily replenishment is 
all that is required to maintain the chemica 
balance, hence no special analyses or separat 
additions are necessary. 
is encountered, provided the baths are cleaned 
properly as described. While decarburizatio 
might result from a breakdown of the high 
heat salt or be caused by preheat sall carried 
over into the high heat bath, our observa 
tions have failed to detect it during the pas 
12 months, even though no rectifier has beer 
added. Such results might be considered 
unusual or due to unusual personne! or lab- 
oratory facilities, except that atmosphere fur- 
naces operated in the same plant over a long 
period of time disclose unfavorable aspects 
when hardening the molybdenum high speed 
steels in production. 

In atmosphere furnaces, the hearth con- 
ditions vary considerably after furnaces have 
been in use for some time. Accumulations 
of scale or oxide do occur. Distortion © 
buckling of the hearth itself resulls in a 


No decarburization 





irregular surface which will not support ® 





An Instruction Sheet Accompanies Each Lot 


a metallurgical inspector checks the furnace tem- 
peratures; samples for hardness and fracture are 
also taken from the first basket or fixture. Rock- 
well hardness tests are supplemented by file tests, 
using special files of C-67 to 70 Rockwell to 
“touch” the chamfer of cut thread taps or the 
body of ground thread taps. (No matter what 
the hardness of the tap, or what the record of 
success in normal use, a file will break off thread 
crests if drawn across them.) 


Cross sections are prepared for metallo- 
graphic examination of 
“as-hard” and tempered conditions. 
are likewise examined for 


structures in the 
Specimens 
decarburization of 
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long piece uniformly. The tools sag, attemp! 

ing to conform to the contour of the hearth 

That is the obvious explanation for much o! 
the seemingly inexplicable distortion frequent!) 
encountered after hardening. Efforts te overcom 
this by asbestos floors, refractory trays, or other 
materials on the hearth have resulted in indiller 
ent success. 

There is without doubt a higher percentage 
of rejects in atmosphere furnace practice. Many 
metallurgical defects are associated with the f: 
that the atmosphere does not protect hose parts 


ici 


*The sample is etched to emphasize austenit 
grain boundaries, magnified 1000 dia., and the ov" 
ber of boundaries cut by a 5-in. random /ine 
age of ten locations) is the grain size. See Mela 
Progress, April 1938, page 377. 


(aver 
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f the tool in contact with the hearth or fixture. 
stratification of the atmosphere near the hearth 
may be indicated by parts with considerable flat 
areas directly in contact with the hearth or the 
tray; defects are almost invariably produced on 
the tool area directly in contact with the hearth. 
These conditions may be aggravated depending 
upon the type of atmosphere. Under ideal gas 
-ontrol, with filters and condensers operating at 
maximum effectiveness, it is now clear that as 
iow as 0.1% of CO, in the high heat atmosphere 
decarburizes molybdenum tools at times, while 
04% and up means certain disaster. Such close 
control is difficult to hold. It is obvious also that 
with very high CO atmospheres in the preheat, 
carburization is rapid and uncontrollable. Such 
CO-rich atmospheres required for high molybde- 
num or Mo-Max steels are likewise very sluggish, 
and frequently so hazy or smoky that the oper- 
ator is unable to note heating progress. This is 
a severe handicap because predetermined time 
cycles do not always produce uniform results. 

If used at all, borax or other protective coat- 
ings is not a panacea, for it reacts with refrac- 


’ 3 a oe. 
High Molybdenum, High Speed Steel 
Hardened” to Rockwell C-65. Snyder-Graff grain size 19 


Fig. 8 


lory hearths. It must also be removed from the 
‘ool, as by hand or steel shot blasting, by soaking 
in acetic acid, or by quenching into molten caustic 
soda at 900 to 1100° F. The last is preferred. 
Certain such as those of nickel- 
chromium, become oxidized through continuous 
exposure to air when transferring 
preheat to the high heat furnace. Such 
' marked upsetting effect on the atmos- 
he immediate vicinity. This explains 


fixtures, 


in-and - 
tools Tt 
Scale | 


phere 


why, where gas analyses clearly indicate ideal 
operating conditions, tools coming through may 
show intolerable surface changes. 

There is always a relatively low yield from 
atmosphere furnaces where direct comparisons 
may be made on production. This is due largely 
to the human element and also to the time con- 
sumed in loading fixtures, furnace regulation, 
and the greater heating time required. Discount- 
ing all other factors, our time sheets showed an 
average loss of 1 to 1% hr. a shift. 

Having all these considerations in mind it 
has become apparent that the electric salt bath 
offers the simplest and most effective means at 
the disposal of the metallurgist for hardening 
high speed molybdenum steels. Correct pro- 
cedures not only accomplish all that might be 
expected of atmosphere furnaces at their best, but 
likewise perform many operations that cannot be 
handled adequately in any other way. Operators 
of less experience can turn out consistently 
superior work, in comparison with operators of 
greater experience using the more complicated 
atmosphere furnaces. 


Fig. 9 — Same After Tempering Twice for 1 Hr. at 
1050° F. to Rockwell C-64. Both micros at 1000 dia. 


All evidence indicates that it would be pos- 
sible to select almost any average man or woman 
and teach them the successful procedure for 
toolsteels within a week. This should not be 
construed to mean that the high speed salt baths 
are confined to the heat treatment of molybde- 
num steels, since they have been used with equal 
success for all types — with the possible reserva- 
tion of higher electrode and salt when 
higher operating temperatures are necessary. @ 


costs 
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Furnace Masonry 


Factors Insuring Satisfactory 
Industrial Furnace Refractory Construction 


By John Wallerius, Chief Engineer 


and Frank Ericson, Supervisor of Construction 
Stewart Industrial Furnace Division of Chicago Flexible Shaft Co. 


FFICIENCY and long life of industrial furnaces 

for heat treating and metal processing depend 
not only upon the proper engineering design, but 
also upon the refractory lining, insulation, and 
upon their proper installation. It has been our 
observation that the latter of these requirements 
is well worth careful consideration by top engi- 
neering personnel. Lack of experience by masons, 
foremen or supervisors may result in errors of 
construction or failure to give proper attention 
to important details. Either of these factors 
might cause serious damage to the refractory 
linings in service. 

The instructions herein given are based upon 
experience gained in many years, building heat 
treating furnaces and observing installations in 
general use in various industrial operations. 
Although our objective has been to establish for 
our own engineers a standard for the proper 
installation of refractories in Stewart furnaces, 
the conclusions we have reached may well be of 
interest and value to all who are engaged in 
metal processing. While it is obviously best to 
avoid operating trouble by proper construction, 
it may happen that certain items of good mason 
practice may have been overlooked, and _ the 
following remarks may then be useful to the 
supervising metallurgist in ferreting out the 
cause of an unduly early breakdown. Likewise, 
any extensive repair should follow the same 
principles. 

Here, in brief, are the important steps in new 
furnace construction, or the installation of new 
linings, in order to insure maximum life, mini- 
mum maintenance, and economical operation: 

1. Prepare cements as required: 

Fireclay: Mix with water to a smooth thick 
pouring consistency free from lumps. 


Asbestos Cement: Mix with water to a barely 
pourable consistency that will adhere well 
the brick. 

Air Set Cement (High Temperature Bondi: 
Mortar): This material is already mixed for lay 
ing brick. For wash coating the inner face 
the lining, add water to bring it to a very thin 
pouring consistency. 

Silicon Carbide Cement: Mix with water tos 
thick paste suitable for handling with a trowel. 

2. Apply cement by dipping brick into il 
and immediately laying in place, tapping each one 
firmly as laid to keep all joints as thin and tight 
as possible. 

3. All brick joints must be broken as ind: 
cated at A of the drawing herewith. Joints i 
outer course of brick must not be in line with 
those of inner course, in order to prevent heal 
penetrating through them. 

4. In walls of 9 in. thickness or heavier built 
with firebrick or insulating firebrick, a header 
course should be laid at least every fourth course 
as at B. 

5. Because of variation in expansion, insulal- 
ing brick headers are not tied into firebrick © 
insulating firebrick. 

6. Care must be taken in selecting only brie! 
that are square, or of proper neat shape if wedges 
or circles. A stiff air-set cement paste should be 
used in the joints between cut brick to tmsure 
proper bonding. 

7. Expansion joints must be properly space 
(see C on drawing), of proper width, and broker 
both vertically and horizontally. Spacers of card- 
board or corrugated paper make good Tillers !0" 
these expansion joints. Several smal! expans!e? 
joints evenly spaced over the length the - 
nace wall are preferable to one larger J°™ 
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\llow approximately 0.5% to 1% of wall length 
depending on brick used) in expansion joints. 
No expansion joints should be allowed in insulat- 
ng brick courses. 

5. Firebrick walls must always be directly 
‘upported by firebrick laid on the furnace bottom 
‘ foundation. (See D.) Insulating brick or 
isulating firebrick do not have sufficient strength 
‘0 support heavy walls. 
¥. Spacing and dimensions given on the 













| > 7 
‘Tawings must be carefully followed both ver- 
’ . - . ¥ . . 
ically and horizontally, particularly in the spac- 
ing yf ‘ ; ; : ; 

g ol nsion brick used to hold semi-muflle 






We e = _ . . . 
lls in place (see E), and in the location and 
size Oo ’ ’ ~ 

e ol Ss (F) and flues (G). Flues and vents 















{(Q) GAS BURNER INSTALLATION 
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(K) SKEW BACK ANGLE (C) EXPANSION JOINTS 


(P) TOP INSULATION 


(G) FLUES 


(L) SKEW BACK 
SUPPORT 


(0) MAIN ARCH 
EXPANSION 


(N) DOOR ARCH 
EXPANSION 


(M, ARCH CONSTRUCTION 






(E) EXTENSION BRICKS 


(D) WALL SUPPORT 









Idealized Section of Fur- 
nace Masonry Detailing 
the Approved Methods 
of Brick Laying 





(S) OlL COMBUSTION CHAMBER 





must be backed up with firebrick or insulating 
firebrick (H) and not with insulating brick. 
Insulation or insulating brick must always be 
separated from burner ports by a course of fire- 
brick or insulating firebrick (J). 

10. Hearth, supports, and semi-muflle walls, 
when of fireclay material, should be laid with air 
set cement, or when of silicon carbide material, 
with silicon carbide cement. All silicon carbide 
brick should be laid with silicon carbide cement. 

11. Use split or 2-in. brick to adjust the 
final height of side and end walls (see J). 

12. Use feather edge brick, end skews, side 
skews or edge skews to get proper skew back angle 
for arch support (see K). Skew back must be 








































backed up to shell or casing with firebrick only 
(L) to support arch thrust. (Insulating brick or 
insulating firebrick lack sufficient strength for 
this service. ) 

13. Arches (M) are to be laid with arch 
brick (or wedge brick for wide span), as speci- 
fied, working from skew backs toward center. 
Key the arch with two bricks smoothly cut to 
size. Arch forms should be used to provide 
proper curvature and to support the arch while 
it is being laid. Use separate arch forms for 
main arch and door arch because of different arch 
radii. Door arches and supports should always 
come out flush with door jamb and arch castings 
or metal framing to provide proper seal with the 
door. An expansion space should be provided 
between the top of the door arch (N) and the 
bottom edge of the arch casting to allow for 
vertical expansion of the door arch. Large expan- 
sion joints should be provided at the ends of the 
main arch (QO). 

14. For insulation of furnace arches, with 
or without insulating firebrick, use a heavy coat- 
ing of asbestos cement mixed to a thick paste 
(P). After the walls and the arch are installed, 
coat the inside of the furnace with a wash coating 
of air-set cement mixed to the consistency of a 
thin paste. 

15. Installation of tunnel type gas burners 
is extremely important for the satisfactory opera- 
tion of a furnace. Be sure that small burners are 
properly coated with refractory cement. 

16. Large burner openings require packing 
from the inside of the furnace using a mandrel 
(see Q). For maximum burner life and efficiency, 
this packing must be rammed in very tight and 
particular care must be taken that the burner 
and block are completely packed all the way to 
the steel work. 

17. In gas fired installations, it is important 
that the flame issuing from the gas burners is not 
obstructed by hearth supports or piers. (See R). 
In oil fired installations, it is important that a 
silicon carbide brick be correctly placed in front 
of the oil burners to baffle the flame properly and 
to insure thorough and efficient combustion 
(see S). 

18. New furnaces or newly installed linings 
should be brought up to temperature very slowly 
to expel moisture and dry out the brickwork 
thoroughly. Failure to observe this precaution 
may result in open cracks in the lining and 
greatly decrease the life of the lining. 

19. Carefully fill all cracks with air-set 
cement or, if the cracks are in silicon carbide 
hearth joints, fill them with silicon carbide 
cement. eS 





Powder Metals 


UR LABORATORY has been working 
dense metal powder parts for a numbe- 
years, but very little of this work has yet how 
published. However, now that the demand 
dense parts is rising rapidly, some of it may }y 
general interest. 
Several years ago we attempted to detern 
what physical properties could be obtained 
dense nickel parts made by compression and sip. 
tering of nickel powder, in comparison with parts 
machined from bar stock. The necessary machin. 
ing on the specific parts required much labor 
loss of raw material and the use of expensive 
equipment. High costs resulted. It was thoug 
that production could be simplified and | 
materially reduced while still maintaining or eve 
improving upon the necessary physical proper 
by employing the new art of powder metallurgy 
As the cost of the product at this time was 
less importance than the establishment of phys 
icals, the laboratory started out with wi 
appeared to be the best method, though perhaps 
too expensive for general commercial applica! 
By employing the purest nickel powder the 
available and sintering in a vacuum, the proble 
was simplified, as it eliminated the questio 
impurities in the metals and impurities in a | 
tective gas. If the possibilily of obtaining sali 
factory results is once proved, then various 


i 


and cheaper commercial processes can doubiles 
be worked out. 

Nickel powder (carbonyl) 
mesh was formed into %g-in. square test ba! 
3 in. long. All specimens were made under pres 
sure of 50 tons per sq.in., and one-third of them 
sintered at 900, 1000 and 1100° C. respect) 
(1650, 1£30 and 2010° F.) for 4 hr. in a vacuum 
Bars were subsequently repressed either al 90, ' 
or 100 tons per sq.in. On a few of the specimen 
this was followed by a 12-hr. anneal in a vacul 
at 500° C. (930° F.). 

Analysis of the filings from these anneal 
bars showed the following composition: 9.”*- 
C, 0.005% S, 0.005% Si, 0.080% Fe, 
Cu. The following elements were se ched 
but the chemist reported nil: P, Mn, Pb, 5" ' 
and Al. 

From among the mass of tests « 
which had undergone various com 
pressings, annealings and repressing 
ing data are taken as representative 


all passing 32 


ind 0.0at 


these bars 
vations 


he follow 
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Izod Impact Tests 
[REATMENT 

Pressed at 50 tons per sq.in., | 

Sintered at 900° C. (1650° F.), 

Repressed at 100 tons per sq.in. 





ENERGY 
3.8 ft-lb. 


Pressed at 50 tons per sq.in., 

Sintered at 1000° C. (1830° F.), 
Repressed at 100 tons per sq.in., 
Annealed at 500° C. (930° F.) for 12 hr. 


8.9 ft-lb. 


Tension Impact Tests 
TENSION ELONGA- 
TREATMENT IMPACT TION 







Pressed at 50 tons per sq.in., } 
Sintered at 1100° C. (2010° F.), 
Repressed at 50 tons per sq.in. | 


24 ft-lb. 20% 





Pressed at 50 tons per sq.in., ) 
Sintered at 1000° C. (1830° F.), 
Repressed at 100 tons per sq.in. 


23 ft-lb. 16% 






Static Tensile Tests 
ULTIMATE ELONGA- 
STRENGTH TION 







TREATMENT 





Pressed at 50 tons per sq.in., ) 
sintered at 900° C. (1650° F.), 
Repressed at 100 tons per sq.in. ) 





96,000 psi. 2% 






Pressed at 50 tons per sq.in., 
sintered at 1000° C. (1830° F.), ) 
Repressed at 50 tons per sq.in., 
Annealed at 500° C. for 12 hr. 





44,000 psi. 89 






Density 





TREATMENT DENSITY 





p 





ressed at 50 tons per sq.in., ) 

sintered at 900° C. (1650° F.), + 0.286 Ib. per cu.in. 
dor r ; i 
Repressed at 50 tons per sq.in. | (See micro) 







Pressed at 50 tons per sq.in., 
inter tat 1000° C. (1830° F.), 0.302 Ib. per cu.in. 
Repressed at 100 tons per sq.in. 







Density of wrought nickel varies from 0.311 
to 0.321 Ib. per cu.in. A comparison of densities 
indicates that the nickel produced from metal 
powders after repressing at 50 tons per sq.in. had 
89 to of the density of wrought material, 
and tl ickel produced from metal powders 










Dense Nickel Parts From Metal Powder 


By Charles Hardy 
President, Hardy Metallurgical Co., New York 
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Grain Struc ure, Magnified 500 Diameters, of Specimen 
Produced From Nickel Powder; Compacted at 50 Tons 
per Sq.In., Sintered 4 Hr. in Vacuum at 900° C, 
(1650° F.), enl Repressed at 50 Tons per Sq.in. 
Density of sample is 90% that of wrought nickel 


after repressing at 100 tons per sq.in. had 94 to 
97% of the density of the wrought material. 

Rockwell hardness varied about 5%, whether 
repressed at 50 or at 100 tons per sq.in. 

The photomicrograph illustrates typical grain 
structure of these dense nickel specimens pro- 
duced from metal powder. 

A total of 44 bars was prepared and sent to 
other laboratories for checking against our 
results, and the above is a fair picture of the 
group of returns. It will be seen that the tests are 
close enough to established standards to justify 
further work, particularly in a commercial plant. 

When it is considered what great advances 
have been made in the techniques of powder 
metallurgy since these tests were made, it is to be 
expected that parts made from nickel powder will 
be added to the ever-increasing number of appli- 
cations of this art, once war restrictions are 
removed from the use of nickel. Se 
































Copper Alloy; 


Representative Micrographs of Copper-Base Alloys 


From the files of the 


Technical Department, The American Brass Co. 


HE STRUCTURE of the wrought 

copper-base alloys such as 
brass, bronze and nickel silver, 
revealed by polishing and etching 
before microscopical examination, 
is of importance in many manu- 
facturing operations. After the 


initial breakdown and annealing 





Commercial Bronze 


Copper 90, Zine 10 


operations, the grain or crystal 
structure can be controlled by reg- 
ulating annealing furnace temper- 
atures. Strength and hardness are 
further governed by the amount 
of cold work subsequently applied 
to the annealed material. 

In alloys having more than one 


44% reduction by cold rolling 





Cartridge Brass 
Copper 70, Zine 30 


50% reduction by cold rolling 
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phase, the heating and rate o 
cooling determine the amount 
each phase present. This is par. 
ticularly important in the case 
the precipitation hardening alloys 
such as beryllium copper. 
Micrographs on this page ar 
at magnification of 75 diameter 


Commercial Bronze 


Copper 90, Zinc 10 
Annealed 





Cartridge Brass 
Copper 70, Zine 30 
Annealed 





















Micrographs of Copper-Base Alloys 


ys 


a 


Phosphor Bronze Phosphor Bronze 
Copper 92, Tin 8; Phosphorus present Copper 92, Tin 8; Phosphorus present 
30% reduction by cold rolling Annealed 








a es aa oe a A 4 eee 


Aluminum Bronze Aluminum Bronze 
Copper 95, Aluminum 5 Copper 95, Aluminum 5 
60% reduction by cold rolling Annealed 





Sil; . . a . vr 
“ilicon Bronze (Everdur) Type A Silicon Bronze (Everdur) Type A 


Coy 6, Silicon 3, Manganese | Copper 96, Silicon 3, Manganese | 


reduction by cold rolling Magnification 75 Diameters Annealed 
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Micrographs of Copper-Base Alloy; 





Tube cold drawn (150 diameters) Cupro Nickel 30% Tube annealed (150 diameters) 
Copper 70, Nickel 30 





Cold rolled, then ey sp ome hardened Beryllium Copper Annealed and quenched from 800 | 
(Beta phase etched to appear black) Copper 97.50, Beryllium 2.15, Nickel 0.35 (1470° F.) after cold rolling 





Free Cutting Brass Rod Brass (Spelter) Solder 
Copper 61.50, Lead 3.00, Zine 35.50; Extruded Copper 52, Zine 48 
hot, then cold drawn. (Beta appears as fine Grains entirely of beta phase 
black streaks; lead is in nooted particles) (Used in granular condition for bra7'¢ 1 


Magnification of Four Micrographs 75 Diameters 
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Micrographs of Copper-Base Alloys 


Sa 


Hot Rolled Naval Brass (Tobin Bronze) Extruded Naval Brass 
Copper 60.00, Zine 39.25, Tin 0.75 Copper 60.00, Zine 39.25, Tin 0.75 
(Alpha plus Beta structure) (Beta grains with Alpha) 


i. Ae 7 “ ——- > oe 
7 /- th 
cot 8 ne} 

Lor, 5 NLS bed 


' - -. “ 
: Ch a . =, saaee y ‘ > 
° bee ee Seaver on: as. fo re 
. *. és mS ‘ - a 2a 4 
ve ‘ Eiehs2t a o> mein ee Milli, 
3 - 


he Se Sat 


Ms oni rage 


Extruded and drawn Annealed at 900°C. (1650°F.) and quenched in water 


Aluminum Bronze (Avialite) 
Copper 89.25, Aluminum 9.25, Tin 0.49, [ron 0.60, Nickel 0.59 





Aluminum Bronze (Avialite) Annealed at 900°C. (1650°F.) then cooled in air 


phase in the above micrographs is etched so as to appear black. Magnification 75 diameters. 
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Letters of Interest 


Correspondence 


from Home and Abroad 


Fast and Accurate Analytical Methods 


BeverLy, Mass. 
To the Readers of Meta Proaress: 

Although matters of strictly chemical interest 
are seldom found in Metal Progress, there are 
many of us who have a direct or supervisory 
interest in analytical methods for metals and 
alloys, and in labor saving and time saving meth- 
ods therefor. Hence our interest in the photo- 
colorimetric method for traces of bismuth in lead, 
briefly described in “Critical Points” for June. 

Some readers may not know that this is 
one of several fast procedures now successfully 
used in metallurgical laboratories. The first 
instrument of this type is credited to Dr. Sheard 
and Dr. Sanford of the Mayo Clinic back in 1928, 
and a very useful equipment is manufactured 
by Central Scientific Co. under the trade name 
“Cenco-Sheard-Sanford Photelometer”. With it 
come directions for 30 or more tests by selecting 
suitable filters for estimating intensity of colors 
found to be a measure of the element or com- 
pound sought. Molybdenum in steel, phosphorus 
in steel and several procedures used in chemical 
and biochemical laboratories are now, I think, 
very common. The colors of the comparison solu- 
tions in molybdenum tests are so permanent 
that measurements may be made with them at 
any time for several days after they are prepared, 
and no standard color solutions are needed 
when the galvanometer has once been calibrated. 
Details are given in a paper by George M. Poole, 
chief chemist of Ingersoll Steel & Disc, in The 
Iron Age for Oct. 9, 1941. 

Equipment more in line with that described 
in “Critical Points” is the Coleman Universal 
Spectrophotometer (Wilkens-Anderson Co., 
Chicago), which selects a narrow band from an 
appropriate place in the continuous spectrum and 
measures the intensity of light transmitted by a 
solution of the unknown. Molybdenum, manga- 
nese, chromium, nickel, copper and phosphorus 
can be estimated in this way. 


The spectrometer is now well known as , 
tool for quantitative chemical analysis. Rapid 
electromagnetic carbon determinators have beep 
used in steel plants for many years. More accy- 
rate combustion carbons can be made in 3 min. by 
measuring the volume of CO, gas generated from 
the sample and absorbed in caustic. Sulphy 
analysis, which has been such a task for ste 
analysts, may now be made by combustion in 5 
min. The SO, gas is converted into sulphur 
acid, passed through a standard NaOH solution 
and the excess alkali measured by titration 
Equipments for these fast combustion methods 
are marketed by Harry W. Dietert Co. of Detroi 

I think it is a fact that not much progres 
has been made in the past few years towa 
improving and shortening some common labor 
tory tests such as silicon in cast iron or stee! 
would be glad if I were mistaken as to this poin! 
Some of the new methods also require expensi 
equipment not available for small output. 

Water G. BuLtani 


‘Fish-Eyes” in Steel Welds 


CLEVELAND, OHI 
To the Readers of Meta ProGrEss: 

An interesting series of articles on the effe 
of hydrogen gas dissolved in steel has appeared 
Metal Progress, written by Carl A. Zapile, W! 
quite obviously has given the matter unusual) 
close and intelligent study. However, in the las! 
article (March issue) he has blamed hydros' 
for “fish-eyes” in steel welds, on what ! think 
quite insufficient evidence. That article ®'s 
implies that moisture present in the coating 0 
a humid atmosphere has a markedly leleteri 
effect on the physical properties of the resultat 
weld with a coincident introduction of many“! 


u 


eyes” as shown in the tensile fractures aoe 
contrary to experience with a very large um 
of tests made on welds over a period of years * 
the laboratory of The Lincoln Elec! Co. 1 
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Fracture of All-Weld-Metal Test Pieces, Made Under Following Conditions: 





DUPLICATE ELECTRODE 


Tests 


DiaAMETER |AWS Type H.O 


1.00 
1.00 
0.73 
0.77 


0.74 
0.28 


5/32 
5/32 
5/32 
3/16 
3/16 


5/32 


6010 
6010 
6010 
6030 
6030 
6012 





| COATING ANALYSIS (a) 


ORGANIC 


2.53 
2.53 
2.53 
1.00 
1.00 
0.82 


AVERAGE TENSILE PROPERITIES 


ATMOSPHERIC 
Humupity (Db) | 


ULTIMATE YIELD | ELONGATION 
23.5 
24.8 


22.5 


54,200 
54,600 
56,800 
54,100 27.0 
53,900 27.0 
64,900 16.8 


70,200 
70,600 
72,100 
70,800 
69,300 
$1,300 


3.4 
34.4 
3.4 
3.4 
34.4 
3.4 








Grams per 100 g. core rod consumed. 

recheck the facts, the following tests were recently 
made and the resultant data are presented below 
the photograph of the fractures. 

1 represents American Welding Society's 
S010 electrode with normal moisture content, 
welded in a dry atmosphere. B is the same elec- 
trode welded in a humid atmosphere. 
the same electrode after drying to a moisture 

mtent somewhat below the normal range, 
welded in a dry atmosphere. D represents A.W.S. 
030 electrode with a normal moisture content 
Welded in a dry atmosphere and E the same in a 
‘mosphere. F represents A.W.S. 6012 
dried to a moisture content slightly 


C shows 


humid 
electrod 
belo , - . 

10W normal range, welded in a dry atmos- 


phere will be noted that in this last instance, 


(b) Grams moisture per cu.ft. 


the greatest number of “fish-eyes” accompanied 
the moisture content and the 
organic content (although such is not necessarily 


lowest lowest 
the case). 

The dry air in these tests was ordinary 
unhumidified winter air in a heated room. The 
humid air was obtained by welding in a tank 
over boiling water. 

From the table and attached photograph, it is 
evident that no correlation can be made between 
the occurrence of “fish-eyes” and (a) atmospheric 
humidity or (b) the moisture and organic mate- 
rial in the coating. 

Other evidence which the 


been 


tends to weaken 
have 


thick 


hydrogen theory is that “fish-eyes” 


observed in a weld specimen 4 in. more 
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than ten years old which, according to Mr. Zapffe, 
is long enough to remove any effect of hydrogen. 
It also appears that welds made by the atomic 
hydrogen process, in an atmosphere of hydrogen, 
are free from “fish-eyes”. Furthermore, we have 
not been able to corroborate Mr. Zapffe’s results 
wherein he showed “fish-eyes” to be etched much 
more rapidly than the surrounding metal. 

At any rate, it would be foolish to curtail 
welding operations during humid weather. To 
make a practice of drying electrode coatings below 
their normal moisture contents would be to invite 
trouble on certain types of welds. 

So far, the criticism in this letter is destruc- 
tive, and a fair question to ask would be “Well, 
if hydrogen is not to blame, what is the cause of 
‘fish-eyes’?” 

Unfortunately, we are not able to advance 
any theory which will not be open to question. 
Henry & Claussen, in their book on “Welding 
Metallurgy”, 1940, page 69, favor the following 
explanation: 

“A curious combination of ductile and brittle 
fractures sometimes is observed in tensile bars of 
weld-metal deposited by organic covered electrodes. 
Around a tiny inclusion will be a zone of brittle 
failure, which in turn is surrounded by the ductile 
failure characteristic of the metal. It is thought that 
the inclusion concentrates stress in its vicinity, if, 
particularly, there are shrinkage stresses in the 
specimen.” 

“Fish-eyes” are by no means confined to 
welds made with “organic covered electrodes” 
and their focal point is much more often a void 
than an inclusion. However, the above explana- 
tion seems to us to fit the facts as well as any. 

The facts as we see them are: 

1. Failure must occur in tension to develop 
“fish-eyes”. 

2. The bright area represents a progressive 
fracture starting at the central defect. 

3. Defects of a critical small size must be 
present. A larger defect (especially a smooth 
rounded one like a gas hole) is not likely to cause 
a “fish-eye”. 

4. The lower the inherent ductility of the 
metal (other things being equal), the greater the 
tendency for this type of fracture. 

5. Thermal stress-relief prevents the forma- 
tion of “fish-eyes” in subsequent testing. (Is this 
due to the relief of internal stress, the increase in 
ductility induced by tempering, or to the dissipa- 
tion of trapped hydrogen?) 

6. As far as we have been able to determine, 
the chemical composition, microstructure and 
hardness of this bright area are the same as that 
of the adjacent metal. 


“Fish-eyes” have at times been confused wit 
what some writers have called “auto-crackiny 
in welds. The latter are analogous to the forms. 
tion of “flakes” in alloy steels, in that actys 
cracks are formed during cooling, and are cause 
by excessively high cooling rates such as 
encountered when a small weld is made op , 
large mass of cold metal, or a weld is quencheg 
in water from the welding heat. 

“Auto-cracks” cannot be removed by hes 
treatment and do not have the characteristic 
“fish-eye” appearance. They are very serioy; 
defects and should be avoided by all means 
“Fish-eyes”, on the other hand, often occur jp 
welds which are highly satisfactory in ever 
respect. Some types of electrodes which normally 
produce a few “fish-eyes” in tensile specimens 
can, by abnormal welding technique, be made | 
deposit weld metal entirely free from them 
although such a weld metal will have decided) 
inferior physical properties. 

It is our opinion that “fish-eyes” have bee 
the object of undue anxiety and that in pra 
tically all cases, except possibly where fatigue is 
a primary factor, they could well be ignored 

PAUL E, JERaBek 


Metallurgist 
The Lincoln Electri 


Dr. Zapfe's Closure: 


Mr. JERABEK’s arguments about the associa 
tion of fish-eyes and dissolved hydrogen ar 
mildly surprising at this date, since too man) 
laboratories have verified the relationship * 
forth in my articles. His data record differences 
in the availability of hydrogen in the surrounding 
atmosphere, and nothing about the hydroge! 
absorbed by the metal under his welding cond 
tions. The “hydrogen theory”, by the way, does 
not demand that fish-eyes form in welds wher 
hydrogen is present in the atmosphere at th 
time the weld is made, but that considerabl 
hydrogen be present in the metal when fish-eyes 
form. The fish-eye is then the visual evidence 0! 
an accumulation of hydrogen around some dis 
continuity in the metal. One would judge the! 
the welding conditions in all Mr. Jerabek’s tes' 
pieces were such as to deposit metal somewhal 
less than sound and to absorb some hydr 
during deposition. Fish-eyes in weld metal teste 
10 years after deposition and from which hydr 
gen has probably evaporated are exp! sinable 
the basis that the metal cracked internally et!) 
in its life when hydrogen was still present an¢ 
while the metal was mechanically ©: thermally 
strained beyond its ability locally to 


ogen 


sist. 
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the Readers of METAL ProGress: 


Mr. George Foss brings up an interesting 
ethod of inspection (in the “Bits and Pieces” 
wes in July) for catching defects in brass disks 





Cartridge Brass Defects 


Rome, N. Y. 


ior to putting them into production. 


4s everyone knows, it is impossible to make 
ticles which are 100% perfect and the brass 
dustry is no different from any other. 
becomes necessary to inspect as carefully as 
ssible all raw material for cartridge brass 
sks, and to inspect the disks themselves after 
wnking. It is usual practice to proportion punch 
i dies so the blank is actually cut for a rela- 
vely short distance, and the remainder of the 
hickness is broken. This type of edge tends to 
show internal defects quite clearly and, in prin- 
ple, is applied to extruded rods of all alloys to 


etect and eliminate “extrusion core.” 


{ll disks made by Revere are 100% inspected 
surface and edge for defects which will cause 
fective cases or which will be troublesome in 
Even so, a normal rejection of 
on blank disks for laminations and similar 
If this increases to 


he fabrication. 


ernal defects is expected. 


or more, an immediate investigation is started 
(This 5%, incidentally, 


n the mill as to cause. 


s applied to small lots and not large ones.) 


There is always a question of judgment as 
whether very small defects, such as porosity 

r small laminations, will cause difficulty in the 
irawing operations at a customer's plant. A test 
run was made recently on 700 pieces with lamina- 
tions which were only 4 in. long and very shal- 
w. As a matter of fact, there was a difference 
| opinion between inspectors as to whether or 
it this material would or would not work satis- 
‘actorily. The entire lot was processed with very 
close supervision and the final check showed that 
the percentage of defects in the finished case was 
0 different from the average run of material with 


ibsolutely sound edges. 


it’s interesting to note that two customers 
ho received a very large amount of this mate- 
rial reconditioned about 1% of the cases due to 
In one of these plants there 
vere only 454 totally scrapped cases in the first 
which is indeed a satis- 


defective metal. 


million manufactured 


lactory percentage. 


It seems probable that it is impossible to 
‘void a certain amount of repair work, especially 


‘ice our experience is that defects in finished 
“ases can be produced during the drawing opera- 
‘ons i! the punches or dies in the initial cupping 
ind drawing operations are allowed to “brass up” 





It there- 
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If deep scratches are 


or are otherwise fouled. 
produced in the cupping operation, these can 
later result in discards for small slivers and laps 
at the finish inspection. 

The whole point is that defects found in 
finished cases are not all due to faulty metal, 
and that it would seem that there always will be 
some material which cannot be caught by any 
manner of inspection under present methods, no 
matter how careful. 

I would like to point out also that inspection 
of incoming metal at case manufacturers’ plants 
will necessarily vary as to size of lots. If mate- 
rial is made at a modern mill where heat numbers 
can be and are segregated, it is far easier to 
segregate and inspect in the shell case plant. If 
casting lots are small at the fabricator’s plant 
and actual heat numbers are not identified, then 
an inspection procedure at a customer's plant will 
only show average results, and not be able to 
spot an individual lot. 

Cari O. WINDRATH 
Supervisor of Methods, Rome Division 
Revere Copper and Brass, Inc. 


Data on Damping Capacity of Many 
Metals Now Available 


SHEFFIELD, ENGLAND 
To the Readers of MeTaL ProGRESS: 

Although much has been written during the 
last few years regarding the importance of damp- 
ing in connection with many engineering uses of 
steels and other metals, no great amount of data 
concerning the actual damping capacities of dif- 
ferent metals —- particularly of different steels 
can be found among the various publications. 
For that reason a paper on “Damping Capacity 
and Engineering Materials”, presented by Hat- 
field, Stanfield and Rotherham to the North East 
Coast Institution of Engineers and Shipbuilders, 
Newcastle (England) in May, should arouse con- 
siderable interest among both engineers and 
metallurgists. Its main purpose’ is to provide 
detailed information hitherto lacking. 

Dr. Hatfield and his colleagues determined 
damping characteristics by measuring the rate 
of decay in the amplitude of torsional vibrations 
and, for this purpose, they designed an instru- 
ment which is noteworthy in that it appears to 
be free from certain sources of error to which 
earlier instruments, constructed for the same 
purpose, have been subject. In some of these 
earlier instruments the error had been so serious 
as to make the results obtained of doubtful value. 

Using this new instrument, they have deter- 
mined damping characteristics of 30 different 

















steels (including many high alloy steels), 11 cast 
irons, 21 other metals and alloys and such other 
substances as sintered carbide, glass, ivory, ivo- 
rine and bakelite. Values have been obtained 
for each material at different stresses and, in the 
case of the steels and three other metals and 
alloys, at temperatures up to 900° F., or even 
higher in a few instances. The whole constitutes 
a mine of information to which those concerned 
with the effects of damping in engineering prac- 
tice will doubtless refer for a considerable time. 

A survey of all these data brings out some 
interesting facts: In the first place, certain gen- 
eral ideas which have gained currency during 
the last few years are confirmed. Thus, lead 
and cast iron both exhibit high damping, lead 
giving 20 to 30% damping per cycle, depending 
on the stress. The results from different samples 
of cast iron varied appreciably. Values at 2000 
psi. ranged from 6.24 to 16.0% damping per 
cycle. It appears that although damping capacity 
in this material increases with graphite content, 
it is also affected by small differences in casting 
conditions, and probably by other factors. 

The values obtained from mild steel were 
greater than those from higher carbon steels or 
low alloy steels — again confirming ideas pre- 
viously held. Seven different samples of bakelite 
were tested, and all gave high values, of the same 
order as those given by lead; ivory gave values 
about half those from bakelite. 

On the other hand, many peculiarities were 
found: Thus, two samples of mild steel, differing 
only slightly in composition and mechanical 
properties, gave markedly different damping val- 
ues at atmospheric temperature, and these values 
were not affected in the same way by raising 
the temperature. 

Stainless steel containing 13% chromium 
exhibited, on the average, considerable damping 
capacity — an interesting fact in relation to the 
widespread use of this material for turbine blad- 
ing — but some large and puzzling differences 
were noted between the values obtained from the 
half-dozen different specimens of this material 
which were tested. Thus at atmospheric tem- 
perature the damping per cycle at 4500 psi. varied 
between 0.88% and 8.0%. 

On the other hand, austenitic chromium- 
nickel steels — whether of the 18% Cr, 8% Ni; 
25% Cr, 20% Ni; or 12% Cr, 36% Ni types — 
rather surprisingly gave uniformly low values; 
the figures under the same conditions as those 
for stainless steel, mentioned in the paragraph 
immediately above, varied between 0.3 and 0.66%, 
values of the same order as were obtained from 
high tensile, low alloy steels. 


Further investigation will no doubt eluci 
date the causes of these and other differences 
shown by various samples of Seemingly similar 
material, but meanwhile the paper records 9 mag 
of interesting and valuable data. 

J. H. G. Monypenny 


Metallurgist 
Brown, Bayley’s Steel Works. |), 


No New Copper or Tin Going Into 
Railroad Bearings 


WASHINGTON, D. C 
To the Readers of METAL PROGRESS: 

Late in 1941 the Advisory Committee o 
Metals and Minerals presented a report to th. 
Office of Production Management (predecessor o| 
the War Production Board) on the proper us 
of our short supply of copper, both primary and 
secondary. The O.P.M. shortly thereafter urged 
the Association of American Railroads (A.A.R. 
to do everything possible to reduce its require 
ments by every possible means. Tin was added 
to the list of scarce metals some time later. 

The Association appointed in January, 1942 
a committee designated as the Committee on 
Journal Bearing Development and an extensiv 
program of testing and development of car jour- 
nal bearings was immediately instituted. This 
program has involved the continuous use of th 
testing laboratory of the Railroad Service & Sup- 
ply Co. at Indianapolis, which was taken over on 
a full time basis by the A.A.R. under continuous 
supervision of a resident committee. Laboratory 
procedures were set up designed to demonstrate 
as far as laboratory tests can, the suitability o! 
car journal bearings for railroad service. The 
entire committee has met at frequent intervals 
with the resident group in order to study results 
already developed and to lay out the program !o! 
future work, and has investigated a large numbe! 
of variables in design and in materials. Th 
entire aim of the work has been to conserve 
copper and tin, and the results have been 
appraised entirely on that basis. 

At the very beginning of this work the Com- 
mittee redesigned the standard A.A.R. journa! 
bearing by reducing dimensions. [See Metal Prog: 
ress, August 1942, page 223.) This work was 
accomplished in two steps, the first during Janv- 
ary 1942 and the second during May 1942, ane 
all journal bearings are now being manufactured 
to these cut-down dimensions, which have bee? 
issued as A.A.R. standards. This has resulted 
in the manufacture of five of the wartime emer 
gency bearings from the material received in ! 
worn out pre-war bearings. In view of the !a«' 


ur 
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uv ownership has not been increasing 


that cs 
_ there has resulted a gradual build- 


pprecia bly 


ng up of a surplus of journal bearing metals 
-esulting from the conversion, through re-melting 
nd re-manufacture, of the pre-war design to the 


emergency design. At the present time, it is the 
nderstanding that approximately 15,000,000 Ib. 
f such surplus journal bearing metal is in the 
hands of the bearing manufacturers. [This gen- 
al situation was described by E. S. Pearce in 
etal Progress for September 1942, page 368.) 

The Committee has been in close touch with 
‘the Conservation Division of the War Production 
Roard and has been informed that there are no 
ther approved uses for this surplus except the 
manufacture of A.A.R. journal bearings. Inas- 
nuch as the average life of a car journal bearing 
has been approximately four years and even 
under the present intensive use of cars incident 
) wartime traffic, is probably more than two 
vears, this stock pile of surplus bearing metal 
will continue to increase for at least two years or 
yerhaps longer. By drawing on this to make up 
for foundry losses and metal actually worn away 
in service, it seems likely that the railroad bearing 
ndustry could subsist without the necessity of 
purchasing new metal for four or five years, 
assuming that the stock pile of surplus is left in 
the hands of the railroads and the railroad bear- 
ng manufacturers. This means that as far as 
purchase of copper and tin for use in journal 
bearings is concerned, the changes already made 
ind now in effect have resulted in a saving of 
100% of the copper and tin requirements as com- 
pared with pre-war practices. Thus, the railroads 
have not only reduced their requirements for 
these metals in accordance with conservation 
orders of the W.P.B., but have entirely eliminated 
them for the time being — and probably for sev- 
eral years in the future. 

In order that the railroads might be in a 
position to continue to operate efficiently in the 
event the War Production Board finds it neces- 
‘ary to divert the present surplus to other uses, 
the Committee has worked intensively toward the 
development of other bearing metals or designs 
which would still further reduce the require- 
— for tin and copper. Out of a large group, 
the Committee has selected the so-called “V Bear- 
ng as the design which to date offers the 
maximum of conservation, combined with the 
“oratory indications of satisfactory service per- 
“mance. This bearing consists of a malleable 
‘on adapter or back which is substituted for a 
“ue . _- bronze back now used in the 
thin bees = us adapter being lined with a 

‘ice insert with standard soft white metal 


facing to contact the journal of the axle. This 
bearing uses only one-third as much bronze as the 
present wartime design A.A.R. bearing. In view 
of the surplus accumulation already described, 
it is obvious that the immediate adoption of the 
“V Bearing” as an A.A.R. standard or alternate 
standard offers no further economy in the use of 
copper and tin, but the Journal Bearing Commit- 
tee has felt, in view of the possibility that uses 
may be developed for the present surplus, that an 
extensive service test is extremely desirable, so 
it could be in a position to know definitely if 
this bearing would be satisfactory in general 
service if necessary. The General Committee, 
which has final authority in such matters, has 
therefore arranged for the experimental installa- 
tion in regular service of some thousands of the 
“V Bearings” to be applied to car equipment of 
approximately 20 railroads. Through this service 
test the Association will be in position to act 
promptly and without the delay incident to 
research in the event it should become necessary 
to divert a substantial quantity of journal bearing 
metal to the use of other industries. To be con- 
clusive this service test should be continued for 
at least one year and possibly longer. 
C. H. Burorp 
Vice-President, Association of American Railroads 
Operations and Maintenance Dept. 


Martensite and Superstructures 


SOMEWHERE IN FRANCE* 
To the Readers of METAL PROGRESS: 

In the May Lecture of the British Institute of 
Metals in 1933, I showed the similarity between 
the quenching phenomena in steels and in light 
alloys, and at the same time pointed out that in 
light alloys the intermediate state between high 
temperature equilibrium (solid solution) and 
equilibrium after cooling (aggregate of two 
phases) had not yet been clearly observed under 
the microscope, although it did exist in steels as 
the martensitic structure. 

I regard the martensitic state in steels as par- 

taking of the high temperature equilibrium, since 
martensite is a solid solution like austenite. It 
also partakes of the room temperature equilib- 
rium, since the crystalline network of martensite 
is very like that of ferrite. The dispersion is 
therefore atomic or molecular. (This martensite 
corresponds to the maximum hardness attainable 
by quenching alone.) 
* This letter is one of a group received some time 
ago, much delayed in transit, and mailed from “Free 
France” immediately before the occupation by Ger- 
man troops. 
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At that time no similar analogies had been 
noted for the light alloys; this has since been 
done, thanks to more recent spectro-radiographic 
studies on quenched light alloys: 

1. Studies by Wassermann, by Preston and 
by Guinier on aluminum-copper alloys show that 
the precipitation associated with approach to 
equilibrium on cooling is preceded by the segre- 
gation of copper atoms in preferred crystal- 
lographic planes (001). This is a characteristic 
aspect of the heterogeneity preceding precipitation 
to which I believe (along with Chevenard) the 
hardening of these alloys is related. 

2. Even more definitive studies by Fink and 
Smith and by Chaudron and Lacombe on 
aluminum-magnesium alloys demonstrated the 
appearance of superstructure lattices preceding 
precipitation. These superstructures would be 
the equivalent of martensite in steel. 

*articularly in the aluminum-magnesium- 
zine alloys studied by Chaudron and Lacombe, 
the formation of this intermediate phase (which 
follows a definite pattern with regular atomic 
distribution) is alone responsible for the widest 
variety of mechanical properties on transforma- 
tion of the phase stable at high temperature. 
It is similar to martensite, the intermediate phase 
in steels, which is the origin of the maximum 
hardening by transformation of austenite. 

The analogy is striking and clears away the 
disparity we had noted between the light alloys 
and steels, although in the case of martensite in 
steel we cannot actually speak of structure since 
it is more a question of interstitial solid solutions 
in which the distribution of the small carbon 
atoms is poorly defined by spectro-radiography. 
(See, for instance, the recent researches by Petch 
of Cambridge University Metat ProGress for 
May 1943, page 762.) 

It would seem that in their search for equi- 
librium at room temperature the atoms first 
attempt to achieve a temporary location requiring 
the least movement, before adopting their ulti- 
mate position; they abandon their initial 
condition with difficulty, searching first an 
accommodation or compromise between this con- 
dition and their new, final and normal condition 
of equilibrium. 

These studies do not yet cover the general 
field of light alloys, and enough results have not 
yet been accumulated to follow in detail the com- 
parison with steels. For instance, it should not 
be affirmed that in all cases the intermediate 
condition is a necessary stage in the transforma- 
tion leading to the room temperature equilibrium 
or annealed condition. Nor can it be definitely 
said that this phase is a step in the transformation 





that can be dispensed with under certain circun 
stances, even though it seems to be possible , 
short-circuit it and pass from austenite tp» the 
ferrite plus cementite aggregate by transform 
tion at constant temperatures above A,”, whe 
martensite normally would form. 

From the standpoint of mechanical prop 
ties it is interesting to note, however, that in ates ‘ 
as well as in the light alloys, the best relations) ' 
of tensile strength to ductility (measured 
elongation in the tensile test) or impact (notche 
bar) strength is obtained by passing through thi 
intermediate stage. Thus, the aluminum-ma: 
nesium-zine alloys can attain tensile strengths 
125,000 to 135,000 psi. with 15 to 10% elongati: 
which is in the neighborhood of a semi-mediyy 
steel, as rolled. This “light” alloy, however ha: Pp 
a density of only 2.81 (vs. 7.85 for steel § 


Hardening by precipitation, or structurs at tl 
quenching, is a widespread phenomenon appli mer. 
with interesting and useful results to a larg tion 
number of alloys. It even applies to the ma exis! 
tensitic hardening of steel, in that it may | ed 
regarded as the reason for the supplements f in 
hardening which occurs at the very beginnings tic 
of tempering of martensite. ideq 

Generally speaking, the structural quence! Fur 
(or precipitation hardening) is secondary to t! ym] 
martensitic quench in steels from the standp ible 
of tensile strength. If the structural quench b reac! 
been known first, the discovery of the martensi! resed 
quench would have been considered as progress Hiburn 

ALBERT M. PoORTEVIN prod 
Consulting Engineer; Bessemer Medals Bigatmo 
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Furnaces and Atmospheres 


Wartime Applications 
of Industrial Gas Equipment 


By E. G. de Coriolis 
Research Director, Surface Combustion, Toledo, Ohio 


PEAKING on the subject “Industrial Gas 
Equipment of the War and Post-War Periods” 
at the spring meeting of the Industrial and Com- 
mercial Gas Section of the American Gas Associa- 
tion, Mr. de Coriolis recalled the situation which 
existed 20 years ago when the Section was organ- 
red. Faced with the necessity for increased sales 
f industrial gas, to replace the dwindling domes- 
consumption, the Association realized that 
equate equipment must first be developed. 
Fuel and equipment had to be presented in a 
mbination capable of producing a result accept- 
ible to industry. There was but one way of 
reaching the goal: It had to be along the path of 
research.” Research developed the method of 
burning gas by diffusion combustion, the indirect 
product known as the radiant tube, the controlled 
patmosphere, and adequate machines for heating 
by the convection principle. Each of these has 
had special developments applying to war prod- 
ils. Quotations from Mr. de Coriolis’ paper 
now follow: 

Forging Furnaces-—Equipment during the 
frst European War was sadly lacking. In one 
stance, a manufacturing plant on war produc- 

n secured permission to close off a city street 
by throwing a shed over it. Beneath the pave- 
lent Was a gas main. Outlets were run into 
mprovised forge furnaces and gas went to work. 
Vhen the war ended the shed was torn down, 
he forges discarded and the street restored to its 
omer use. Gas had done its job as an emer- 
eney fuel but for peacetime forging fuel oil 
‘mained the preferred fuel. 

Since gas had done such a good job as an 
mergeney fuel, one of the first attempts to apply 
he newly discovered process of diffusion com- 
ustion was to forge furnaces. (This process - 

rst in Metal Progress, Sept., 1932 - 
minating the flow of streams of fuel 
n the proper proportion for complete 


omprises 


a8 and a 


combustion while maintaining these fluids within 
an enclosure in a non-turbulent stream. When 
so maintained, there is no admixture of the gas 
with the air but instead combustion proceeds by 
interdiffusion and is maintained at the boundaries 
of the respective streams. A by-product of this 
method of combustion is that the hydrocarbons in 
fuel gas are cracked, with the evolution of carbon 
clouds which become highly luminous and radi- 
ant, and capable of very rapid heating.) 

Diffusion combustion as such did not prove 
successful in forges, for the furnaces had to be 
closed and the work had to be quite uniform in 
section and present no obstruction to the path of 
the flames. Otherwise the flames were “spilled”, 
that is, the streams were broken, turbulence set 
in. However, when gases were so burned by partial 
diffusion the scale was no longer thin and tena- 
cious, but heavier and quite loose, a characteristic 
highly important for successful forging. 

Applications of this type are now rendering 
very effective service in forging billets for high 
explosive shells. As it comes from the furnace 
the billet is passed through a scale breaker and 
the quality of heating is judged by the ease and 
completeness with which the scale is removed. 
After extrusion or pressing the rough shell is 
examined for imbedded scale, and if conditions 
are not properly maintained, rejections by inspec- 
tors mount up rapidly, for these shells receive no 
cleaning before they enter the machine shop. 

A type of furnace embodying this application 
is a rotary hearth furnace with several burners 
firing along its periphery, each with a device by 
which the flame can be varied from premixed to 
luminous while maintaining the same proportions 
of air to gas. In addition, the furnace is equipped 
with automatic damper control to exclude air 
intrusion even with frequent openings of the 
charge and discharge doors. There are also two 
zones of temperature control which are adjusted 
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so that a blanket of flame is held over the work 


in the discharge zone. 


This is a far cry from the forging operation 
previously described during the European War 
when a gas pipe was pushed up through the 


imparted its heat to the wall mainly 
It also opened up the entire field of , 
atmospheres for carburizing, and | heating 
before quenching in a protective atmosphere | 

keeping the products of combustion entirely sepa 


radiation 


trolled gas 


street pavement into a pile of brick, and expected rate from the work without the necessit, 
expensive retorts or muflles. 


to do a job. 


Radiant Tubes, often described in recent tech- 
nical literature, are an indirect product of the 
research into diffusion combustion. Gas burned 
under pressure in a tube was far from satisfac- 


tory. Under diffusion 
combustion the air and 
gas were separated; the 
gas flowed freely into the 
tube, and the air drawn 
in simply by placing the 
tube under suction. This 
scheme accomplished sev- 
eral results: 

It immediately sim- 
plified the introduction of 
air and gas in non-turbu- 
lent flow. It facilitated 
ignition by having the 
entering end of the gas 
stream readily accessible. 
Since combustion pro- 
ceeded progressively it 
made possible greater 
flows of gas, thus increas- 
ing heat output. By 
streamlining the flame 
hot spots were eliminated 
and a greater tempera- 
ture uniformity through- 
out the length of the tube 
was achieved. And 
finally, by having the 
combustible and air 
under negative pressure 
throughout the tube 
length it insured that, in 
the course of time as 
cracks would begin to 
develop in the tube wall, 
no outward leakage of 
flue gases could occur. 
But above all else, and 
what guaranteed long life 
of the metallic tube, was 
the fact that the air 
stream was maintained 
at the tube wall while the 
burning gas was held in 
the center, away from 
the tube surface, and 


Crane-Man’s View of Big Gun Tube, With- 
drawn From Heating Furnace, Ready for 
Quench in Deep Tank of Oil (Lower Right 


Corner). Courtesy Bethlehem Steel Co. 
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Prepared Atmosphere Quench 
could be spent in describing the « 


bination of radiant 


1s 


Sider pie 


number of war applications in which the 
tubes and prepared atm 


pheres is pl Ving 
important part. On 
deserves special mentio 
It is the prepared atmos 
phere quench: 

In the heat treatmen' 
of seamless tubes it had 
been the practice | 
anneal in direct-fired fur 
naces followed by pick 
ling. As the tubes becam 
smaller in diameter, con- 
trolled atmosphere fur- 
nace would be used in 
order to control the char 
acte of the metal surface 
for jubsequent drawing 
When finished to size, the 
tubes were usually fre 
from drawing compoun 
and bright normalized 
radiant tube roller hearth 
furnaces with elongated 
cooling zones. Seamiess 
tubes becoming an impor- 
tant component ol aircraft 
with close metallurgical 
specifications, it was nee: 
essary to quicken the 
cooling rate. ‘This was 
achieved by a fan 
agitate the atmosphere 
within the cooling zon 

More recently, : 
methods have produced 
the tubing by welding 
from a strip. This type 
is much more difficu! 
heat treat and it was ne 


a raw 


new 


essary to develop 
ically different meth d of 
cooling. Pov ful fans 
one above and 

the level of! 
conveyor in 
Continued 
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’ 
Wis n subjected to great heat, spot welding electrodes must 
be cooled adequately. Otherwise, they “mushroom” quickly. 
Not only does this necessitate frequent re-dressing (with 
attendant production delays) but it produces non-uniform welds. 


Water-cooling is rpeognized as a necessity throughout the 
welding industry. But it is equally important that the water- 
cooling method be correct. 


(he diagram shows a Mallory replaceable spot welding tip 
fitted to a Mallory Ejector Type Water Cooled Holder . . 

illustrates a water-cooling method that really cools. The 
replaceable tip is made with a standard taper and fits tightly 
into the holder. (In addition to tapered tips, Mallory also sup- 
plies tips with internal or external threads). Note that the 
water cooling channel runs through the shank virtually to the 
end of the tip. This assures cool electrodes because it gives 
water contact where the cooling is needed. The type of elec- 
trode varies with the machine and the work to be done. 


(se internal water cooling wherever possible. Properly cooled 
electrodes have a higher electrical conductivity and carry the 
welding current to the work efficiently. By specifying water- 
cooled resistance welding electrodes of the right size, design 
and material for each job, you largely can eliminate “mush- 
rooming”, sticking and metallic pick-up. 


I 


both ferrous and non-ferrous metals—are yours for the asking. 


Write us today, and if you would like a copy of the Mallory 
Resis stance 


wees , , , 
chnical suggestions on resistance welding electrodes—for 


Welding Data Book, just say so in your letter. 


P.R. MALLORY & co., Inc. 
INDIANAPOLIS INDIANA 
Cable Address—PELMALLO 
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AND HOLDERS 
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WELDING DIES 

















Wartime Furnaces 














(Continued from page 648) In terms of time this is equivalent 
zone, now circulate the prepared to reducing the tube temperature 
atmosphere through refrigerator down to black heat in 30 sec. 
coils, and the cold atmosphere Meanwhile, since the furnace inlet 
strikes the tubes, top and bottom, and the cooling zone outlet are 
at cyclonic speeds, resulting in a open to allow for constant ingress 
veritable quench. About 50% of the and egress of the tubing, it is nec- 
heat imparted into the tube as it essary to balance this internal 
travels through 55 ft. of furnace is cyclone so delicately that air does 
absorbed by the atmosphere in the not intrude at either end, while 
first 4 ft. of the quenching zone. the flow of atmosphere gas exudes 

— Saul 


7 gt yee 


| Narrowing specifications and increasing 
production in metal working (both ferrous 





and non-ferrous) make the Kemp Industrial 
Carburetor increasingly valuable as an 


industrial tool. 





By means of the Industrial Carburetor, gas and 
air are completely premixed at a central 
station to provide any predetermined flame 
characteristics—reducing, oxidizing or complete 


combustion. 
For descriptive bulletins, specific information 


or engineering assistance, address 


The C. M. Kemp Manufacturing Company, 





405 East Oliver Street, Baltimore-2, Maryland. 





KEMP of BALTIMORE 
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and burns with a ste blue flan 

By controlling thie 
quench” the physica the treate, 
tubes may be made {tp , ynfor oa 
exact aircraft specifi 
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Growth of Convection Heat 
Another field in wh indust 

it ISU 1a 

gas has played an j portant + 










. . . . . ‘ aI 

is in the utilizations the forced 
convection furnace. Th, air-dr | 
furnace of the tool r and sn 






production shop has been af 









lar piece of equipment for seve: 






years. But the application of , 






vection heating on a larg: scale } 









been almost wholly a war devel 





ment. Generally one is inclined ¢ 






limit refinements in heat treati 






to the tool room and automo 








plants. In more recent years the 










non-ferrous industry (copper, bras 
and aluminum) has made increas 
ing use of convection heating { 
its various processes, particularly 
for close control of grain siz 
But it remained for the pres 
war effort to demonstrate its ef 
tiveness in the heat treatm 
armor plate. Here is an anci 





which had depended solely 
human skill in performing a h 
operation fully as delicate 










of any tool room process. P 





over 30 ft. in length and weig 






a great many tons hav 





heated at temperatures which 





from one end to the other, du 


variable composition of the 






which cannot be made absolut 
uniform lengthwise. Dilffere! 
10° F. have to be within the « 
of the operator. 

Heretofore this had 
attempted by having a greal 
thermocouples welded to the | 
side of the plates and firing 
head by hand controlled bu 
Only a single plate could be he 
at a time, although in ter f 


ity these furnaces could have 
rhe 















many times the tonnag 
tion of convection heat 









revolutionized this p! 





are now heat treated act 





still maintaining a 





rd to the 


perature from one ¢! 
Control is accomplish 
termined and automa! 
directed from the 
no less importance |! a pr 















tion viewpoint is that sev ral | 

of analogous chen vari E 
, ne 

can now be charged ine 





thus considerably 






nage output. (tt 
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substantiate our convictions that Anti-Corrode 
unexcelled rust-preventive, nine steel strips 
vere cut from a sheet of No. 18 B. & S. deep drawing 
teel which had been thoroughly cleaned mechani 
One strip, numbér 6, was dipped in Cities 
Service Anti-Corrode. Seven others were treated 
vith leading anti-rust compounds according to 
their manufacturers’ directions. One strip, number 


8. used as the control, was not treated. 








a : 

ze a ape 

Bas SE Se 
a= 





TEST RESULTS 


ANTI-CORRODE vs. Competitive Products 






& “9° Goa 





From an unretouched photograph 


All strips were then partly immersed in small 
bottles of distilled water containing 3% Sodium 
Chloride. At the end of 90 hours they appeared as 
displayed above. Each test strip is shown before its 
bottle of solution. The rust penetration on each 
strip is plainly evident. The background lines 
behind the bottles enable comparison of rust 
density found in the solutions after test. The 
is obvious. 


superiority of Anti-Corrode-—number 6 





aaeetnienneneneeenteeal 


OUTSTANDING QUALITIES OF ANTI - CORRODE 


Anti-Corrode is harmless to metal. It can be applied by 
rushing, spraying or dipping, and is a reliable safeguard 
gainst corrosion of metals in any form or state of finish, 
ether in storage or in transit. Anti-Corrode forms a ten 
rable film that is impervious to moisture and the 
ré common gases present in the atmosphere. Since it con 
ns lubricating material, it need not be removed in drawing 
perations. It can be removed easily with kerosene or any 
. I vent 


USERS’ COMMENTS ON ANTI - CORRODE 


Jur castings that have been properly dipped in Anti-Corrode 
ns of rusting after a month’s exposure to rain and 


Assistant Plant Supt 
Large manufacturer of filters 


wre 8 AMMUNITION—USE IT WISELY! 


CITIES SERVICE OlL COMPANY 


NEW YORK HICAGO 





ne lay Night “The Cities Service Concert” 
3 P.M. EWT, NBC Network. 


“‘We are pleased with the test results of Anti-Corrode on our 
rust problems and will place a substantial order with you 
shortly.” 

Manufacturer of special tools and accessories 


“$8,000 worth of dies were recently ruined by rust. This 
costly waste of vital materials is now being prevented with 
Anti-Corrode.” 


Manufacturer of ballistic dies 


‘Condensation of moisture in storage vaults had been rusting 
our highly-precisioned tools and dies. Anti-Corrode has licked 
this problem.” 

Manufacturer of precision instruments 


Take advantage of the FREE demonstration offer. Send the 
coupon NOW! (Available only in the Cities Service murxet- 
ing territory EAST of the Rockies.) 


CITIES SERVICE OIL COMPANY 
Room 
Sixty Wall Tower, New York 5, N. Y 


I'd like to test Anti-Corrode on my own equipment 


FREE OF CHARGE. Please send me the details 
Name 


Company 


Address 


City State 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
L 
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Wartime Furnaces 


(Starts on page 647) 

Accuracy of heat treatment can 

be further illustrated by the notable 
performance of furnaces for high 
explosive shell, developed at Frank- 
ford Arsenal and described in detail 
by Colonel Bomar in Metal Progress 
1941. The effort 
furnace that, in an 
installed in 


for October was 
to develop a 


emergency, could be 


shops unaccustomed to refined heat 
treatments. All the 
parts, heating, quenching, temper- 


component 


ing, operated as a single mechanism. 
When the this 
highly refined, gas-fired equipment 


crucial test came 
more than vindicated the arsenal’s 
foresight. After shell 
ing plants had already got into war- 
production, it found 


manufactur- 


time was 








Sentry Model “Y" 
High Speed Steel Hardening Furnace 





See for Yourself! 


No Generators--No Valve: --Everything Automatic 


See us in Room 709 at the National Metal Congress, 
Chicago, October 18 through 22. 
nace in operation for your examination and observation 


Send for* Bulletin 1012-64. 


Any Alloy of High Speed 
Steel quickly and easily 
hardened—Free from scale 
or decarburization and Max- 
imum Hard. 


. 
Sentry Diamord Blocks and 
Sentry Equipment in your 
Plant will give you both 
economy and quality. 

e 
No special skill or training 
needed. Ready to work 


for you as soon as installed. 


We will have a fur- 





The Sentry Company 
FOXBORO, MASS.,U.S.A. 
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necessary to chance 
made it mandatory 
shell. This 
to perform. It ea; 
which here 
no experience in th: 
of shell, the same . 
racy which had be« 


equip 


plants, 


during 
peacetime period. 
When convecti 
applied to the tempe: 
siderable further j 
resulted. 


the arsenal 


The complet 
of hardening, quenchi 
pering was also greatly 
by the adoption of th: illoy y 


ing beam in both furnaces and 


mechanized internal quench ti 
beams 


with the motion of the 


these refinements brought 

“unit heat treatment”, in the s 
that the flow of 
from full 


tically no flow without affecting 


shell could 
varied furnace t 

quality of any shell going thr 
This peacetime development t 
fore became of extreme import 
when it was decided to swing 
total production to full heat tr 
Many plants that had ha 


previous experience in heat | 


shell. 


ment were able to enter int 
duction of this type of shel 
achieve a 
formance, due to the reliability 
consistency of the method 
equipment provided for then 
this peacetime development 


A great many other exanj 


could be cited to show the activ 


part that industrial gas has pla) 
in the war effort, but enoug) ! 


been said to emphasize the desit 


ability and econgmy of gas 


fuel, when handled in well designe 


equipment. 


S| 


notable record of per 


’ 





